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Description 

The present invention relates generally to cytokine receptors and, more specifically to lnterleukln-4 receptors. 
interleukin-4 (IL-4, also known as B cell stimulating factor, or BSF-1) was originally characterized by its ability to 
5 stimulate the proliferation of B cells In response to low concentrations of antibodies directed to surface immunoglobulin. 
More recently, IL-4 has been shown to possess a far broader spectrum of biological activities, including growth co- 
stimulation of T cells, mast cells, granulocytes, megakaryocytes, and erythrocytes. In additksn, IL-4 stimulates the 
proliferation of several lL-2- and IL-3-dependent cell lines, induces the expression of class II major histocompatibility 
complex molecules on resting B cells, and enhances the secretion of IgE and IgG 1 isotypes by stimulated B cells. Both 
"> murine and human IL-4 have been definitively characterized by recombinant DNA technology and by purification to 
homogeneity of the natural murine protein (Yokotaetal., Proc. Natl. Acad. Sci. US/A 83:5894,1986; Noma etal.. Nature 
3T9.640, and Grabstein etal., J. Exp. Med. t6ai405, 1986). 

The biological activities of lL-4 are mediated by specific ceil surface receptors for IL-4 which are expressed on 
primary cells and in w(ro cell lines of mammalian origin. IL-4 binds to the receptor, which then transduces a biological 
'5 signal to various immune effector cells. Purified i L-4 receptor (1 L-4R) compositions will therefore be useful In diagnostic 
assays for lL-4 or IL-4 receptor, and in raising antibodies to IL-4 receptor lor use in diagnosis or therapy In addition, 
purified IL-4 receptor compositions may be used directly inlherapy to bind or scavenge lL-4, providing a means for 
regulating tfie biological activities of this cytokine. 

Although IL-4 has been extensively characterized, little progress has been made in characterizing its receptor. 
20 Numerous studies documenting the existence of an IL-4 receptor on a wide range of cell types have been published; 
however, structural characterization has been limited to estimates of the molecular weight of the protein as detemnined 
by SDS-PAGE analysis o1 covalent complexes formed by chemical cross-linking between the receptor and radiolabeled 
IL-4 molecules. Ohara et al. (Nature 325:537, 1987) and Park et al. {Proc. Natl. Acad. Sci. USA S4:1669, 1987) first 
established the presence of an IL-4 receptor using radioiodinated recombinant murine IL-4 to bind a high affinity re- 
25 ceptor expressed in low numbers on B and T lymphocytes and a wide range of cells of the hematopoietic lineage. By 
affinity cross-linking '25|.|L-4to IL-4R, Ohara et al. and Park et al. identified receptor proteins having apparent molecular 
weights of 60,000 and 75,000 daltons, respectively It is possible that the small receptor size observed on the murine 
cells represents a proteolytically cleaved fragment of the native receptor. Subsequent experiments by Park et al. [J. 
Exp. Med. 766:476, 1987) using yeast-derived recombinant human IL-4 radiolabeled with 125| showed that human IL- 
30 4 receptor is present not only on cell lines of B, T, and hematopoietic cell lineages, but is also found on human fibroblasts 
and cells of epithelial and endothelial origin. IL-4 receptors have since been shown to be present on other cell lines, 
including CBA/N splenic B cells (Nakajima et at., J. Immunol. 139:774. 1987), Burkitt lymphoma Jijoye cells (Cabrlllat 
et at., Biochem. & Biophys. Res. Commun. 149.995, 1987), a wide variety of hemopoietic and nonhemopoietic cells 
(Lowenthal et al., J. Immunol. 140.456. 1988), and murine Lyt-2-/L3T4- thymocytes. More recently Park et at. (UCLA 
35 Symposia, J. Cell Biol., S\ipp\. 12A, 1 988) reported that, in the presence of sufficient protease inhibitors, '25|-IL-4-bind- 
ing plasma membrane receptors of 1 38-145 kDa could be identified on several murine cell lines. Considerable contro- 
versy thus remains regarding the actual size and structure of IL-4 receptors. 

Further study of the structure and biological characteristics of IL-4 receptors and the role played by IL-4 receptors 
in the responses o1 various cell populations to I L-4 or other cytokine stimulation, or of the methods of using I L-4 receptors 
"0 effectively in therapy, diagnosis, or assay, has not been possible because of the difficulty in obtaining sufficient quantities 
of purified IL-4 receptor No cell lines have previously been known to express high levels of IL-4 receptors conslitulively 
and continuously, and in cell lines known to express detectable levels o1 IL-4 receptor, the level of expression is generally 
limited to less than about 2000 receptors per ceil. Thus, efforts to purify the IL-4 receptor molecule for use in biochemical 
analysis or to clone and express mammalian genes encoding IL-4 receptor have been impeded by lack of purified 
45 receptor and a suitable source of receptor mRNA. 

The present invention provides DNA sequences encoding polypeptides capable of binding mammalian interleukin- 
4 as described In claims 1 to 9 (apart from the claims for Spain, where processes comprising the step of isolating such 
DNA sequences are described in claims 1 to 9). The present invention also provkJes recombinant expression vectors 
comprising the DNA sequences defined above, host cells transf ected with the recombinant expression vectors, recom- 
50 binant IL-4R molecules produced using the recombinant expressksn vectors, and processes for producing the recom- 
binant IL-4R molecules using the expression vectors. 

The present invention also provides a purified polypeptide capable of binding mammalian interleukin-4 protein as 
described in claims 1 3 to 23 (apart from the claims for Spain and Greece, where processes for preparing such a 
polypeptide are described in claims 11 to 23). The full length murine IL-4R nrolecule is a glycoprotein having a molecular 
55 weight of about 1 30,000 to about 140,000 M^by SDS-PAGE. The apparent binding affinity (KJ for COS cells transfected 
with murine IL-4 receptor clones 16 and 18 from the CTLL 19.4 library is 1 to 8 x 10^ M"'. The tor COS cells 
transfected with murine IL-4 receptor clones 7B9-2 and 7B9-4 from the murine 789 library is 2 x lO^ to 1 x 10^° M'V 
The mature murine IL-4 receptor molecule has an N-terminal amino ackj sequence as foltows: 
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IKVLGEPTCFSDYIRTSTCEW. 

The human IL-4R molecule is believed to have a molecular weight of between about 110,000 and 1 50,000 and 
has an N-terminal amino acid sequence, predicted from the cDNA sequence and by analogy to the biochemically 
determined N-terminal sequence of the mature murine protein, as folbws: MKVLQEPTCVSDYMSISTCEW. 

5 The present invention also provides compositions for use in therapy, diagnosis, assay of IL-4 receptor, or in raising 

antibodies to IL-4 receptors, comprising effective quantities of soluble receptor proteins prepared according to the 
foregoing processes. Such soluble recombinant receptor molecules include truncated proteins wherein regions of the 
receptor molecule not required for IL-4 binding have been deleted. These and other aspects of the present invention 
will become evident upon reference to the following detailed description and attached drawings. The invention will now 

10 be described by way of example with reference to the accompanying drawings, in which: 

Figure 1 shows restriction maps of cDNA clones containing the coding regions (denoted by a bar) of the murine 
and human IL-4R cDNAs. The restriction sites EcoR, Pvu\\, Hinc II and Sst I are represented by the letters R, P, H and 
S, respectively. 

Figures 2A-C depict the cDNA sequence and the derived amino acid sequence of the coding region of a murine 
ts IL-4 receptor, as derived from clone 7B9-2 of the 7B9 library. The N-terminal isoleucine of the mature protein is des- 
ignated amino acid number 1 . The coding region of the full-length membrane-bound protein from clone 7B9-2 is defined 
by amino acids 1 -785. The ATC codon speclfying the isoleucine residue constituting the mature N-terminus is underlined 
at position 1 of the protein sequence; the putative transmembrane region at amino acids 209-232 is also underlined. 
The sequences of the coding regions of clones 7B9-4 and clones CTLL-18 and CTLL-16 of the CTLL 19.4 library are 
20 identical to that of 789-2 except as follows. The coding region of CTLL-16 encodes a membrane-bound IL-4-binding 
receptor defined by amino acids -25 through 233 (including the putative 25 amino acid signal peptide sequence), but 
is followed by a TAG terminator codon (not shown) which ends the open reading frame. The nucleic acid sequence 
indicates the presence of a splice donor site at this position (indicated by an arrow in Figure 1) and a splice acceptor 
site near the 3' end (indicated by a second arrow), suggesting that CTLL-16 was derived from an unspliced mRNA 
25 intermediate. Clones 7B9-4 and CTLL-18 encode amino acids 23 through 199 and -25 through 199, respectively After 
amino acid 199, a 114-base pair insert (identical in both clones and shown by an open box in Figure 1 ) introduces six 
new amino acids, followed by a termination codon. This form of the receptor is soluble. 

Figure 3 is a schematic illustration of the mammalian high expression plasmid pCAV/NOT, which is described in 
greater detail in Example 8. 

30 Figures 4A-C depict the coding sequence of a human IL-4 receptor cDNA from clone T22-8, which was obtained 
from a cDNA library derived from the T cell line T22. The predicted N-terminal methionine of the mature protein and 
the transmembrane region are underlined. 

Figures 5A-B are a comparison of the predicted amino acid sequences of human (top line) and murine (bottom 
line) IL-4 receptor cDNA clones. 
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Definitions 



As used herein, the terms "IL-4 receptor" and "IL-4R" refer to proteins having amino acid sequences which are 
substantially similar to the native mammalian lnterleukin-4 receptor amino acid sequences disclosed in Figures 2 and 
40 4, and viThich are biologically active as defined below, in that they are capable of binding lnterleukin-4 (IL-4) molecules 
or transducing a biological signal initiated by an IL-4 molecule binding to a cell, or cross-reacting with antl-IL-4R anti- 
bodies raised against IL-4R from natural (i.e., nonrecombinant) sources. The native murine IL-4 receptor molecule is 
thought to have an apparent molecular weight by SDS-PAGE of about 140 kilodaltons (kDa). The terms •IL-4 receptor" 
or "IL-4R" include, but are not limited to, analogs or subunits of native proteins having at least 20 amino acids and 
45 which exhibit at least some biological activity in common with IL-4R. As used throughout the specification, the term 
•mature" means a protein expressed in a form lacking a leader sequence as may be present in full-length transcripts 
of a native gene. Various bioequivalent protein and amino acid analogs are described in detail below. 

The temi "substantially similar," when used to define either amino acid or nucleic acid sequences, means that a 
particular subject sequence, for example, a mutant sequence, varies from a reference sequence by one or more sub- 
so stitutions, deletions, or additions, the net effect of which is to retain biological activity of the IL-4R protein. Alternatively, 
nucleic acid subunits and analogs are "substantially similar" to the specific DNA sequences disclosed herein if: (a) the 
DNA sequence is derived from the coding region of a native mammalian IL-4R gene; (b) the DNA sequence is capable 
of hybridization to DNA sequences of (a) under nnoderately stringent conditions and which encode biologically active 
IL-4R molecules; or DNA sequences which are degenerate as a result of the genetic code to the DNA sequences 
55 defined in (a) or (b) and which encode biokjgically active IL-4R molecules. Substantially similar analog proteins may 
be greater than about 30 percent similar to the corresponding sequence of the native IL^R. Sequences having lesser 
degrees of similarity but comparable biotogical activity are considered to be equivalents. More preferably, the analog 
proteins will be greater than about 80 percent similar to the corresponding sequence of the native IL-4R, in whteh case 
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they are defined as being ■substantially identical.' In defining nucleic acid sequences, all subject nucleic acid sequences 
capable of encoding substantially similar amino acid sequences are considered substantially similar to a reference 
nucleic acid sequence. Percent similarity may be determined, for example, by comparing sequence information using 
the GAP computer program, version 6.0, available from the University of Wisconsin Genetics Computer Group 

5 (UWGCG). The GAP program utilizes the alignment method of Needleman and Wunsch (J. Mol. Biol. 48.443, 1970), 
as revised by Smith and Waterman {Adv. Appl. Math. 2482, 1 981 ). Briefly, the GAP program defines similarity as the 
number of aligned symbols (i.e., nucleotides or amino acids) which are similar, divided by the total number of symbols 
in the shorter of the two sequences. The preferred default parameters for the GAP program include: (1) a unary com- 
parison matrix (containing a value of 1 for identities and 0 for non-identities) for nucleotides, and ttie weighted com- 

10 parison matrix of Gribskov and Burgess, Nucl. Acids Res. J4:6745, 1986, as described by Schwartz and Dayhoff, ed.. 
Atlas of Protein Sequence and Strvcture, National Biomedical Research Foundation, pp. 353-358, 1 979; (2) a penalty 
of 3.0 for each gap and an additbnal 0.10 penalty for each symbol in each gap; and (3) no penalty tor end gaps. 

"Recombinant," as used herein, means that a protein is derived from recombinant (e.g., microbial or mammalian) 
expression systems. "Microbial" refers to recombinant proteins made in bacterial or fungal (e.g., yeast) expression 

'5 systems. As a product, "recombinant microbial" defines a protein produced in a microbial expression system which is 
essentially free of native endogenous substances. Protein expressed in most bacterial cultures, e.g., E. coli, will be 
free of glycan. Protein expressed in yeast may have a glycosylation pattem different from that expressed in mammalian 
cells. 

"Biologically active," as used throughout the specification as a characteristic of IL-4 receptors, means that a par- 
20 ticular molecule shares sufficient amino acid sequence similarity with the embodiments of the present invention dis- 
closed herein to be capable of binding detectable quantities of IL-4, transmitting an IL-4 stimulus to a cell, for example, 
as a component of a hybrid receptor construct, or cross-reacting with anti-IL-4R antibodies raised against IL-4R from 
natural (i.e., nonrecombinant) sources. Preferably, biologically active IL-4 receptors within the scope of the present 
invention are capable of binding greater than 0.1 nmoles IL-4 per nmole receptor, and most preferably, greater than 
2S 0.5 nmole IL-4 per nmole receptor in standard binding assays (see below). 

"DNA sequence" refers to a DNA molecule, in the form of a separate fragment or as a component of a larger DNA 
construct, which has been derived from DNA isolated at least once in substantially pure form, i.e., free of contaminating 
endogenous materials and in a quantity or concentration enabling identification, manipulatbn, and recovery of the 
sequence and its component nucleotide sequences by standard biochemical methods, for example, using a cloning 
30 vector. Such sequences are preferably provided in the form of an open reading frame uninterrupted by Internal non- 
translated sequences, or introns, which are typically present in eukaryotic genes. Genomic DNA containing the relevant 
sequences could also be used. Sequences of non-translated DNA may be present 5' or 3' from the open reading frame, 
where the same do not interfere with manipulation or expression of the coding regions. The sequences are preferably 
at least 60 bases long. 

35 "Nucleotide sequence" refers to a heteropolymer of deoxyribonucleotides. DNA sequences encoding the proteins 

provided by this invention can be assembled from cDNA fragments and short oligonucleotide linkers, or from a series 
of oligonucleotides, to provide a synthetic gene which is capable of being expressed in a recombinant transcriptional 
unit. 

"Recombinant expression vector" refers to a replicable DNA construct used either to amplify or to express DNA 
"0 which encodes IL-4R and which includes a transcriptional unit comprising an assembly of (1) a genetic element or 
elements having a regulatory role in gene expression, for example, promoters or enhancers, (2) a structural or coding 
sequence which is transcribed into mRNA and translated into protein, and (3) appropriate transcription and translation 
initiation and termination sequences. Structural elements intended for use in yeast expression systems preferably 
include a leader sequence enabling extracellular secretion of translated protein by a host cell. Alternatively, where 
-ts recombinant protein is expressed without a leader or transport sequence, it may include an N-terminal methionine 
residue. This residue may optionally be subsequently cleaved from the expressed recombinant protein to provide a 
final product. 

"Recombinant microbial expression system" means a substantially homogeneous monoculture of suitable host 
microorganisms, for example, bacteria such as E. colior yeast such as S. cerevisiae, which have stably integrated a 
so recombinant transcriptional unit into chromosomal DNA or carry the recombinant transcriptional unit as a component 
of a resident plasmid. Generally, cells constituting 1he system are the progeny of a single ancestral transformant. 
Recombinant expression systems as defined herein will express heterologous protein upon induction of the regulatory 
elements linked to the DNA sequence or synthetic gene to be expressed. 

ss Proteins and Analogs 

The present invention provides substantially homogeneous recombinant mammalian IL-4R polypeptides substan- 
tially free of contaminating endogenous materials and, optionally, without associated native-pattern glycosylation. The 
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native murine and human IL-4 receptor molecules are recovered from cell lysates as glycoproteins having an apparent 
molecular weight by SDS-PAGE of about 130-145 kilodaltons (kDa). Mammalian IL-4R of the present invention in- 
cludes, by way of example, primate, human, murine, canine, feline, bovine, ovine, equine and porcine IL-4R. Derivatives 
of IL-4R within the scope of the invention also include various structural forms of the primary protein which retain 
5 biological activity. Due to the presence of ionizable amino and carboxyl groups, for example, an IL-4R protein may be 
in the form of acidic or basic salts, or in neutral form. Individual amino acid residues may also be modified by oxidation 
or reduction. 

The primary amino acid structure may be modified by forming covalent or aggregative conjugates with other chem- 
ical moieties, such as glycosyl groups, lipids, phosphate, acetyl groups and the like, or by creating amino acid sequence 

10 mutants. Covalent derivatives are prepared by linking particular functional groups to IL-4R amino acid side chains or 
at the N- or C-termini. Other derivatives of IL-4R within the scope of this invention include covalent or aggregative 
conjugates of IL-4R or its fragments with other proteins or polypeptides, such as by synthesis in recombinant culture 
as N-terminal or C-terminal fusions. For example, the conjugated peptide may be a signal (or leader) polypeptide 
sequence at the N-terminal region of the protein which co-translationally or post-translationally directs transfer of the 

15 protein from Ks site of synthesis to its site of function inside or outside of the cell membrane or wall (e.g., the yeast a 
-factor leader). IL-4R protein fusions can comprise peptides added to facilitate purification or identification of IL-4R (e. 
g., poly-His). The amino acid sequence of lL-4 receptor can also be linked to the peptide Asp-Tyr-Lys-Asp-Asp-Asp- 
Asp-Lys (DYKDDDDK) (Hopp et al., Bio/Technotogy6A20A, 1988.) The latter sequence is highly antigenic and provkJes 
an epitope reversibly bound by a specific monoclonal antibody, enabling rapid assay and facile purification of expressed 

20 recombinant protein. This sequence is also specifically cleaved by bovine mucosal enterokinase at the residue imme- 
diately following the Asp-Lys pairing. Fusion proteins capped with this peptide may also be resistant to intracellular 
degradation in £ coli. 

IL-4R derivatives may also be used as immunogens, reagents in receptor-based immunoassays, or as binding 
agents for affinity purification procedures of IL-4 or other binding ligands. IL-4R derivatives may also be obtained by 
25 cross-linking agents, such as M-maleimidobenzoyI succinimide ester and N-hydroxysuccinimide, at cysteine and lysine 
residues. IL-4R proteins may also be covalently bound through reactive side groups to various insoluble substrates, 
such as cyanogen bromide-activated, bisoxirane-activated, carbonyldiimidazole-activated or tosyl-activated agarose 
structures, or by adsorbing to polyolefin surfaces (with or without glutaraldehyde cross-linking). Once bound to a sub- 
strate, IL-4R may be used to selectively bind (for purposes of assay or purification) anti-IL-4R antibodies or IL-4. 
30 The present invention also includes IL-4R with or without associated native-pattern glycosylalion. IL-4R expressed 

in yeast or mammalian expression systems, e.g., COS-7 cells, may be similar or significantly different in molecular 
weight and glycosylation pattern than the native molecules, depending upon the expression system. Expression of IL- 
4R DNAs in bacteria such as £ co// provides non-glycosylated molecules. Functional mutant analogs of mammalian 
IL-4R having inactivated N -glycosylation sites can be produced by oligonucleotide synthesis and ligation or by site- 
as specific mutagenesis techniques. These analog proteins can be produced in a homogeneous, reduced-carbohydrate 
form in good yield using yeast expression systems. N-glycosylatksn sites in eukaryotic proteins are characterized by 
the amino acid triplet Asn-A, -Z, where A, is any amino acid except Pro, and Z is Ser or Thr. In this sequence, asparagine 
provides a side chain amino group for covalent attachment of carbohydrate. Such a site can be eliminated by substi- 
tuting another amino acid for Asn or for residue Z, deleting Asn or Z, or inserting a non-Z amino acid between A, and 
40 z, or an amino acid other than Asn between Asn and A,. 

IL-4R derivatives may also be obtained by mutations of IL-4R or its subunits. An IL-4R mutant, as referred to 
herein, is a polypeptide homologous to IL-4R but which has an amino acid sequence different from native IL-4R because 
of adeletion, insertion or substitution. Like most mammalian genes, mammalian IL-4 receptors are presumably encoded 
by multi-exon genes. Alternative mRNA constructs which can be attributed to different mRNA splicing events following 
« transcriptkxi, and whch share large regions of identity or similarity with the cDNAs claimed herein, are considered to 
be within the scope of the present invention. 

Bioequivalent analogs of IL-4R proteins may be constructed by, for example, making various substitutions of res- 
idues or sequences or deleting terminal or internal residues or sequences not needed for biological activity For exam- 
ple, cysteine residues can be deleted or replaced with other amino acids to prevent formation of incorrect intramolecular 
so disulfide bridges upon renaturation. Other approaches to mutagenesis involve modification of adjacent dibasic amino 
acid residues to enhance expression in yeast systems in which KEX2 protease activity is present. Generally, substi- 
tutions should be made conservatively; i.e., the most preferred substitute amino acids are those having physicochemical 
characterlstcs resembling those of the residue to be replaced. Similarly, when a deletion or insertion strategy is adopt- 
ed, the potential effect of the deletion or insertion on biological activity should be considered. 
55 Subunits of IL-4R may be constructed by deleting terminal or internal residues or sequences. Particularly preferred 

subunits include those in which the transmembrane region and intracellular domain of IL-4R are deleted or substituted 
with hydrophilic residues to facilitate secretion of the receptor into the cell culture medium. The resulting protein is a 
soluble IL-4R molecule which may retain its ability to bind IL-4. Particular examples ot soluble IL-4R include polypep- 
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tides having substantial identity to the sequence ot amino acid residues 1-208 In Figure 2A, and residues 1-207 in 
Figure 4A. 

Mutations in nucleotide sequences constructed for expression of analog IL-4Rs must, of course, presen/e the 
reading frame phase of the coding sequences and preferably will not create complementary regions that could hybridize 
s to produce secondary mRNA structures, such as loops or hairpins, which would adversely affect translation of the 
receptor mRNA. Although a mutation site may be predetermined, it is not necessary that the nature of the mutation 
per se be predetermined. For example, in order to select for optimum characteristics of mutants at a given site, random 
mutagenesis may be conducted at the target codon and the expressed I L-4R mutants screened for the desired activity. 
Not all mutations in the nucleotide sequence which encodes IL-4R will be expressed in the final product, for ex- 
10 ample, nucleotide substitutbns may be made to enhance expression, primarily to avoid secondary structure loops in 
the transcribed mRNA (see EPA 75,444A, incorporated herein by reference), or to provide codons that are more readily 
translated by the selected host, e.g., the well-known E. co/; preference codons for E. co// expression. 

tvlutations can be introduced at particular loci by synthesizing oligonucleotides containing a mutant sequence, 
flanked by restriction sites enabling ligation to fragments of the native sequence. Following ligation, the resulting re- 
15 constructed sequence encodes an analog having the desired amino acid insertion, substitution, or deletion. 

Alternatively, oligonucleotlde-directed site-specific mutagenesis procedures can be employed to provide an altered 
gene having particular codons altered according to the substitution, deletion, or insertion required. Exemplary methods 
of making the alterations set forth above are disclosed by Walder et al. [Gene 42: 1 33, 1 986); Bauer et al. (Gene 37. 
73. 1985); Cralk {BioTechniques, January 1985, 12-19); Smith et al. {Genetic Engineering: Principles and Methods, 
20 Plenum Press, 1981); and U.S. Patent Nos. 4,518,584 and 4,737,462, which are incorporated by reference herein. 

Expression of Recombinant IL-4R 

The present invention provides recombinant expression vectors which Include synthetic or cDNA-derived DNA 

2S fragments encoding mammalian IL-4R or bbequivalent analogs operably linked to suitable transcriptional or transla- 
tional regulatory elements derived from mammalian, microbial, viral or insect genes. Such regulatory elements include 
a transcriptional promoter, an optional operator sequence to control transcription, a sequence encoding suitable mRNA 
ribosomal binding sites, and sequences whkih control the termination of transcription and translation, as described in 
detail betow. The ability to replicate in a host, usually conferred by an origin of replication, and a selection gene to 

30 facilitate recognition of transformants may additionally be Incorporated. DNA regions are operably linked when they 
are functionally related to each other. For example, DNA for a signal peptide (secretory leader) is operably linked to 
DNA for a polypeptide If it is expressed as a precursor which participates In the secretion of the polypeptide; a promoter 
is operably linked to a coding sequence If it controls the transcriptkjn of the sequence; or a ribosome binding site is 
operably linked to a coding sequence if It is positioned so as to permit translation. Generally, operably linked means 

3S contiguous and, in the case of secretory leaders, contiguous and in reading frame. 

DNA sequences encoding mammalian IL-4 receptors which are to be expressed in a microorganism will preferably 
contain no introns that could prematurely terminate transcription of DNA into mRNA; however, premature termination 
of transcription may be desirable, for example, where it would result in mutants having advantageous C-terminal trun- 
cations, for example, deletion of a transmembrane region to yield a soluble receptor not bound to the cell membrane. 

40. Due to code degeneracy, there can be considerable variation in nucleotide sequences encoding the same amino acid 
sequence; exemplary DNA embodiments are those corresponding to the nucleotide sequences shown in the Figures. 
Other embodiments include sequences capable of hybridizing to the sequences of the Figures under moderately strin- 
gent conditions (50°C, 2 X SSC) and other sequences hybridizing or degenerate to those described above, which 
encode biologically active IL-4 receptor polypeptides. 

45 Transformed host cells are cells which have been transformed or transf acted with IL-4R vectors constructed using 

recombinant DNA techniques. Transformed host cells ordinarily express IL-4R, but host cells transformed for purposes 
of cloning or amplifying IL-4R DNA do not need to express IL-4R. Expressed IL-4R will be deposited in the cell mem- 
brane or secreted into the culture supernatant, depending on the IL-4R DNA selected. Suitable host cells for expression 
of mammalian IL-4R include prokaryotes, yeast or higher eukaryotic cells under the control of appropriate promoters. 

50 Prokaryotes Include gram negative or gram positive organisms, for example E. coil or bacilli. Higher eukaryotic cells 
include established cell lines of mammalian origin as described below. Cell-free translation systems could also be 
employed to produce mammalian IL-4R using RN As derived from the DNA constructs of the present invention. Appro- 
priate cloning and expression vectors for use with bacterial, fungal, yeast, and mammalian cellular hosts are described 
by Pouwels et al. {Cloning Vectors: A Laboratory Manual. Elsevier, New York, 1 985). the relevant disclosure of which 

55 is hereby incorporated by reference. 

Prokaryotic expression hosts may be used for expression of IL-4Rs that do not require extensive proteolytic and 
disulfide processing. Prokaryotic expressksn vectors generally comprise one or more phenotypic selectable markers, 
for example a gene encoding proteins conferring antibiotic resistance or supplying an autotrophic requirement, and an 
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origin of replication recognized by the host to ensure amplification within the host. Suitable prokaryotic hosts for trans- 
formation include E. coli, Bacillus subtilis, Salmonella typhimurium, and various species within the genera Pseu- 
domonas, Streptomyces. and Staphylococcus, although others may also be employed as a nnatter of choice. 

Useful expression vectors tor bacterial use can comprise a selectable marker and bacterial origin of replication 

5 derived from commercially available plasmids comprising genetic elements of the well known cloning vector pBR322 
(ATCC 37017), Such commercial vectors include, for example, pKK223-3 (Pharmacia Fine Chemicals, Uppsala. Swe- 
den) and pGEMI (Promega Biotec, Madison, Wl, USA). These pBR322 "backbone" sections are combined with an 
appropriate promoter and the structural sequence to be expressed. E. coli\s typically transformed using derivatives of 
pBR322, a plasmid derived from an £ coli species (Bolivar et al., Gene 295, 1 977). pBR322 contains genes for amp- 

10 icillin and tetracycline resistance and thus provides simple means for identifying transformed cells. 

Promoters commonly used in recombinant microbial expression vectors include the p-lactamase (penicillinase) 
and lactose promoter system (Chang et al., Nature 275:615, 1978; and Goeddel et al.. Nature 281:544, 1979), the 
tryptophan (trp) promoter system (Goeddel et al., Nucl. Acids Res. a4057, 1980; and EPA 36,776) and tac promoter 
(Maniatis, Molecular Clor)ir\g: A Laboratory Manual. Cold Spring Harbor Laboratory, p. 41 2, 1 982). A particularly useful 

J5 bacterial expression system employs the phage X Pl promoter and c1857ts thermolabile repressor. Plasmid vectors 
available from the American Type Culture Collection which incorporate derivatives of the X Pl promoter include plasmid 
pHUB2, resident in E. co// strain MBQ (ATCC 37092) and pPLc28, resident in E co//RR1 (ATCC 53082). 

Recombinant IL-4R proteins may also be expressed in yeast hosts, preferably from the SacchBromyces genus, 
such as S. cerevisiae. Yeast of other genera, such as Pichia or Kluyveromyces may also be employed. Yeast vectors 

20 will generally contain an origin of replication from the 2m. yeast plasmid or an autonomously replicating sequence (ARS), 
promoter, DNA encoding IL-4R, sequences for polyadenylation and transcription termination and a selection gene. 
Preferably, yeast vectors will include an origin of replication and selectable marker permitting transformation of both 
yeast and £ coli. e.g., the ampicillin resistance gene of E. co// and S. cerews/aetrpi gene, which provides a selection 
marker tor a mutant strain of yeast lacking the ability to grow in tryptophan, and a promoter derived from a highly 

25 expressed yeast gene to induce transcription of a structural sequence downstream. The presence of the trp1 lesion in 
the yeast host cell genome then provides an effective environment for detecting transformation by grovrth in the absence 
of tryptophan. 

Suitable promoter sequences in yeast vectors include the promoters for metallothionein, 3-phosphoglycerate ki- 
nase (Hitzeman et al., J. Biol. Chem. 255:2073, 1980) or other glycolytic enzymes (Hess et al., J. Adv. Enzyme Reg. 

30 7. 1 49, 1 968; and Holland et al., Biochem. 1 7:4900, 1 978), such as enolase, glyceraldehyde-3-phosphate dehydroge- 
nase, hexokinase, pyruvate decarboxylase, phosphofructokinase, glucose-6-phosphate isomerase, 3-phosphoglycer- 
ate mutase, pyruvate kinase, triosephosphate isomerase, phosphoglucose isomerase, and glucokinase. Suitable vec- 
tors and promoters for use in yeast expression are further described in Hitzeman, EPA 73,657. 

Preferred yeast vectors can be assembled using DNA sequences from pBR322 for selection and replication in £ 

35 coli (Ampf gene and origin of replication) and yeast DNA sequences including a glucose-repressible ADH2 promoter 
and a-factor secretion leader. The ADH2 promoter has been described by Russell et al. (J. Biol. Chem. 25fi:2674, 
1982) and Beier et al. {Nature 300.724. 1982). The yeast o-factor leader, which directs secretion of heterologous 
proteins, can be inserted between the promoter and the structural gene to be expressed. See. e.g., Kurjan et al.. Cell 
3a933, 1982; and Bitter et al., Proc. Natl. Acad. Sci. USA 81:5330, 1984. The leader sequence may be modified to 

40 contain, near its 3' end, one or more useful restriction sites to facilitate fusion of the leader sequence to foreign genes. 

Suitable yeast transformation protocols are known to those of skill in the art; an exemplary technique is described 
by Hinnen et al., Proc. Natl. Acad Sci. USA 751929, 1978, selecting for Trp* transformants in a selective medium 
consisting of 0.67% yeast nitrogen base, 0.5% casamino acids, 2% glucose, 10 ^g/ml adenine and 20 \ig/m\ uracil. 
Host strains transformed by vectors comprising the ADH2 promoter may be grown for expression in a rich medium 

45 consisting of 1% yeast extract, 2% peptone, and 1% glucose supplemented with 80^g/ml adenine and 80 ng/ml uracil. 
Derepression of the ADH2 promoter occurs upon exhaustion of medium glucose. Crude yeast supematants are har- 
vested by filtration and held at 4°C prior to further purification. 

Various mammalian or insect cell culture systems can be employed to express recombinant protein. Baculovirus 
systems for production of heterologous proteins in insect cells are reviewed by Luckow and Summers, BioTTechnology 

so e.47 (1 988). Examples of suitable mammalian host cell lines include the COS-7 lines of monkey kidney cells, described 
by Gluzman (Ce// 23175, 1981 ), and other cell lines capable of expressing an appropriate vector including, for example, 
L cells, CI 27, 3T3, Chinese hamster ovary (CHO), HeLa and BHK cell lines. Mammalian expression vectors may 
comprise nontranscribed elements such as an origin of replication, a suitable promoter and enhancer linked to the 
gene to be expressed, and other 5' or 3' flanking nontranscribed sequences, and 5' or 3" nontranslated sequences, 

55 such as necessary ribosome binding sites, a polyadenylation site, splice donor and acceptor sites, and transcriptional 
termination sequences. 

The transcriptional and translational control sequences in expression vectors to be used in transforming vertebrate 
cells may be provided by viral sources. For example, commonly used promoters and enhancers are derived from 
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Polyoma, Adenovirus 2, Simian Virus 40 (S\/40), and human cytomegalovirus. DNA sequences derived from the SV40 
viral genome, for example, SVAO origin, early and late promoter, enhancer, splice, and polyadenylalion sites may be 
used to provide the other genetic elements required for expression of a heterologous DNA sequence. The early and 
late promoters are particularly useful because both are obtained easily from the virus as a fragment which also contains 
the SV40 viral origin of replication (Fiers et al.. Nature 273. 1 1 3, 1 978). Smaller or larger SV40 fragments may also be 
used, provided the approximately 250 bp sequence extending from the H/nd III site toward the Bg\ I site located in the 
viral origin of replication is included. Further, mammalian genomic IL-4R promoter, control and/or signal sequences 
may be utilized, provided such control sequences are compatible with the host cell chosen. Additional details regarding 
the use of a mammalian high expression vectors to produce a recombinant mammalian IL-4 receptor are provided in 
Example 8 below. Exemplary vectors can be constructed as disclosed by Okayama and Berg {Moi. Cell. Biol. 3280, 
1983). 

A useful system for stable high level expression of mammalian receptor cDNAs in CI 27 murine mammary epithelial 
cells can be constructed substantially as described by Cosman et al. (Mol. Immunol. 23:935, 1 986). 

A particularly preferred eukaryotic vector for expression of IL-4R DNA is disclosed below in Example 2. This vector, 
referred to as pCAV/NOT, was derived from the mammalian high expression vector pDC201 and contains regulatory 
sequences from SV40, adenovirus-2, and human cytomegalovirus. pCAV/NOT containing a human IL-7 receptor insert 
has been deposited with the American Type Culture Collectron (ATCG) under deposit accession number 68014. 

Purified mammalian IL-4 receptors or analogs are prepared by culturing suitable host/vector systems to express 
the recombinant translation products of the DNAs of the present Invention, which are then purified from culture media 
or cell extracts. 

For example, supernatants from systems which secrete recombinant protein into culture media can be first con- 
centrated using a commercially available protein concentration filter, for example, an Amicon or Millipore Pellicon ul- 
trafiltration unit. Following the concentration step, the concentrate can be applied to a suitable purificatbn matrix. For 
example, a suitable affinity matrix can comprise an IL-4 or lectin or antibody molecule bound to a suitable support. 
Alternatively, an anion exchange resin can be employed, for example, a matrix or substrate having pendant diethyl- 
aminoetfiyl (DEAE) groups. The matrices can be acrylamide, agarose, dextran, cellulose or other types commonly 
employed in protein purification. Altematively, a cation exchange step can be employed. Suitable cation exchangers 
include various insoluble matrices comprising sulfopropyl or carboxymethyl groups. Sulfopropyl groups are preferred. 

Finally, one or more reversed-phase high performance liquid chromatography (RP-HPLC) steps employing hydro- 
phobic RP-HPLC media, e.g., silica gel having pendant methyl or other aliphatic groups, can be employed to further 
purify an IL-4R composition. Some or all of the foregoing purification steps, in various combinations, can also be em- 
ployed to provide a homogeneous recombinant protein. 

Recombinant protein produced in bacterial culture is usually isolated by initial extraction from cell pellets, followed 
by one or more concentration, salting-out, aqueous ion exchange or size exclusion chromatography steps. Finally, high 
performance liquid chromatography (HPLC) can be employed for final purification steps. IVIicrobial cells employed in 
expression of recombinant mammalian IL-4R can be disrupted by any convenient method, including freeze-thaw cy- 
cling, sonication, mechanical disruption, or use of cell lysing agents. 

Fermentation of yeast which express mammalian IL-4R as a secreted protein greatly simplifies purification. Se- 
creted recombinant protein resulting from a large-scale fermentation can be purified by methods analogous to those 
disclosed by Urdal et al. (J. Chromatog. 296171 , 1984). This reference describes two sequential, reversed-phase 
HPLC steps for purification of recombinant human IL-2 on a preparative HPLC column. 

Human IL-4R synthesized in recombinant culture is characterized by the presence of non-human cell components, 
including proteins, in amounts and of a character which depend upon the purification steps taken to recover human 
IL-4R from the culture. These components ordinarily will be of yeast, prokaryotic or non-human higher eukaryotic origin 
and preferably are present in innocuous contaminant quantities, on the order of less than about 1 percent by weight. 
Further, recombinant cell culture enables the production of IL-4R free of proteins which may be normally associated 
with 1L-4R as it is found in nature in its species of origin, e.g. in cells, cell exudates or body fluids. 

1L-4R compositions are prepared for administration by mixing IL-4R having the desired degree of purity with phys- 
iologically acceptable carriers. Such carriers wnll be nontoxic to recipients at the dosages and concentrations employed. 
Ordinarily, the preparation of such compositions entails combining the IL-4R with buffers, antioxidants such as ascorbic 
acid, low molecular weight (less than about 1 0 residues) polypeptides, proteins, amino acids, carbohydrates including 
glucose, sucrose or dextrins, chelating agents such as EDTA, glutathione and other stabilizers and excipients. 

IL-4R compositions may be used to regulate the function of B cells. For example, soluble IL-4R (slL-4R) inhibits 
the proliferation of B cell cultures induced by IL-4 in the presence of anti-lg. slL-4R also inhibits lL-4 induced IgGI 
secretion by LPS-activated B cells as determined by isotype specific ELISA and inhibits lL-4 induced la expression 
on murine Bcells as determined by EPICS analysis. slL-4R also inhibits IL-4 induced IgE synthesis and may accordingly 
be used to treat IgE-induced immediate hypersensitivity reactions, such as allergic rhinitis (common hay fever), bron- 
chial asthma, atopic dermatitis and gastrointestinal food allergy. 
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IL-4R compositions may also be used to regulate the function of T cells. For example, IL-4R intiibits IL-4 induced 
proliferation of T cell lines, such as the CTLL T cell line. slL-4R also inhibits functional activity mediated by endogenously 
produced IL-4. For example, slL-4R inhibits the generation of alloreactive cytolytic T lymphocytes (CTL) in secondary 
mixed leukocyte culture when present in culture concomitantly with a monoclonal antibody against IL-2, such as S4B6. 
5 Neutralizing agents for both IL-2 and lL-4 are used to inhibit endogenous IL-2 and IL-4, both of which regulate CTL 
generatbn and are produced in such cultures. 

In therapeutic applications, a therapeutically effective quantity of an IL-4 receptor composition is administered to 
a mammal, preferably a human, in association with a pharnnaceutical carrier or diluent. 

The following examples are offered by way of illustration, and not by way of limitation. 

10 

EXAMPLES 
Example 1 

IS Binding assays for IL-4 receptor 



A. Radiolabeling o1IL-4. Recombinant murine and human I L-4 were expressed in yeast and purified to homogeneity 
as described by Park, et al., Proc. Natl. Acad. Sci. USA 84:5267(1987) and Park et al., J. Exp Med. 766:476(1987), 

20 respectively. The purified protein was radiolabeled using a commercially available enzymobead radioiodination reagent 
(BioRad). In this procedure 2.5 ng rlL-4 in 50 pi 0.2 M sodium phosphate, pH 7.2 are combined with 50 nJ enzymobead 
reagent, 2 MCi of sodium iodide in 20 nl of 0.05 M sodium phosphate pH 7.0 and 10 nl of 2.5% b-D-glucose. After 10 
min at 25°C, sodium azide (10 \i\ of 50 mM) and sodium metabisulfite (10 jil of 5 mg/ml) were added and incubation 
continued for 5 min. at 25°C. The reaction mixture was fractionated by gel filtration on a 2 ml bed volume of Sephadex® 

25 G-25 (Sigma) equilibrated in Roswell Park Memorial Institute (RPMI) 1640 medium containing 2.5% (wA/) bovine serum 
albumin (BSA), 0.2% (w/v) sodium azide and 20 mM Hepes pH 7.4 (binding medium). The final pool of '2S|.|l-4 was 
diluted to a working stock solution of 2 x la^ M in binding medium and stored for up to one month at 4''C without 
detectable loss of receptor binding activity The specific activity is routinely in the range of 1 -2 x 1 0^ ^ cpm/mmole I L-4. 

B. Binding to Adherent Cells. Binding assays done with cells grown in suspension culture (i.e., CTLL and CTLL- 
30 19.4) were performed by a phthalate oil separation method (Dower et al., J. Immunol. 732:751 , 1984) essentially as 

described by Park etal., J. Biol. Chem. 261A^77, 1 986 and Park et al., supra. Binding assays were also done on COS 
cells transfected with a mammalian expression vector containing cDNA encoding an IL-4 receptor molecule. For Scatch- 
ard analysis of binding to adherent cells, COS cells were transfected with plasmid DNA by the method of Luthman et 
al.. Nucl. Acids. Res. 77:1295, 1983, and McCutchan et al., J. Natl. Cancer Inst. 47:351, 1968. Eight hours following 

35 transfection, cells were trypsinized, and reseeded in six well plates (Costar, Cambridge, MA) at a density of 1 x 10* 
COS-IL-4 receptor transfectants/well mixed with 5 x 10^ COS control transfected cells as carriers. Two days later 
monolayers were assayed for ^'^\-\L-4 binding at 4°C essentially by the method described by Park et al., J. Exp. Med. 
766476, 1987. Nonspecific binding of '25|.|l-4 was measured in the presence of a 200-fold or greater molar excess 
of unlabeled IL-4. Sodium azide (0.2%) was included in all binding assays to inhibit internalization of ■'2S|.|L-4 by cells 

to at 37°C. 

For analysis of inhibition of binding by soluble IL-4R, supematants from COS cells transfected with recombinant 
IL-4R constructs were harvested three days after transfection. Serial two-fold dilutions of conditioned media were pre- 
incubated with 3 x ^0■^'° M ^2^\-lL-A (having a specific activity of about 1 x IQi^ cpm/mmol) for one hour at 37°C prior 
to the addition of 2 x 10® CTLL cells. Incubation was continued for 30 minutes at 37°C prior to separation of free and 
45 cell-bound murine ''2S|-il-4. 

C. Solid Phase Binding Assays. The ability of IL-4 receptor to be stably adsorbed to nitrocellulose from detergent 
extracts of CTLL 19.4 cells yet retain IL-4 binding activity provided a means ot monitoring purification. One ml aliquots 
of cell extracts (see Example 3). IL-4 affinity column fractions (see Example 4) or other samples are placed on diy 
BA85/21 nitrocellulose membranes (Schleicher and Schuell, Keene, NH) and allowed to dry. The membranes are 

50 incubated in tissue culture dishes for 30 minutes in Tris (0.05 M) buffered saline (0.15 M) pH 7.5 containing 3% w/v 
BSA to block nonspecific binding sites. The membrane is then covered with 4 x ia" M^^^\-\L-A in PBS + 3% BSA 
with or without a 200 fold molar excess of unlabeled IL-4 and incubated for 2 hr at 4°C with shaking. At the end of this 
time, the membranes are washed 3 times in PBS, dried and placed on Kodak XOmat^" AR film for 18 hrat -70°C. 

55 
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Exampte 2 

Selection of CTLL cells with high IL-4 receptor expression by tiuorescence activalQd cell sorting (FACS) 

5 The preferred cell line for obtaining high IL-4 receptor selection is CTLL, a murine IL-2 dependent cytotoxic T cell 

line (ATCC TIB 214), To obtain higher levels of IL-4 receptor expression, CTLL cells (parent cells) were sorted using 
fluorescence-activated cell sorting and fluorescein-conjugated recombinant murine IL-4 (rmlL-4) in which the extensive 
carbohydrate attached to nmlL-4 by the yeast host is used to advantage by coupling fluorescein hydrazide to periodate 
oxidized sugar moieties. The fluorescein-conjugated IL-4 was prepared by combining aliquots of hyperglycosylated 

10 rmlL-4 (300 \ig in 300 ^1 of 0. 1 M citrate-phosphate buffer, pH 5.5) with 30 ^1 of 10 mM sodium m-periodiate (Sigma), 
freshly prepared In 0.1 M citrate-phosphate, pH 5.5 and the mixture incubated at 4°C for 30 minutes in the dark. The 
reaction was quenched with 30 \x\ of 0.1 M glycerol and dialyzed for 18 hours at 4°C against 0.1 M citrate-phosphate 
pH 5.5. Followingdialysis, a 1/10 volume of lOO mM 5-(((2-(carbohydrazino)methyl)thio)acetyl)-aminofluorescein (Mo- 
lecular Probes, Eugene OR) dissolved in DMSO was added to the sample and Incubated at 25°C tor 30 minutes. The 

IS lL-4-fluorescein was then exfiaustively dialyzed at 4°C against PBS, pH 7.4 and protein concentration determined by 
amino acid analysis. The final product was stored at 4°C following the addition of 1% (wA') BSA and sterile filtration. 

In order to sort, CTLL cells (5 x lO^)' were incubated for30 min at 37°C in 150^1 PBS + 1% BSA containing 1 x 
10-9 M IL-4-fluorescein under sterile conditions. The mixture was then chilled to 4''C, washed once in a large volume 
of PBS + 1% BSA and sorted using an EPICS® C flow cytometer (Coulter Instruments). The cells providing the highest 

20 level fluorescence signal (top 1 .0%) were collected in bulk and the population expanded in liquid cell culture. Alterna- 
tively, for single cell cloning, cells exhibiting a fluorescence signal in the top 1 .0% were sorted into 96 well tissue culture 
microliter plates at 1 cell per well. 

Progress was monitored by doing binding assays with i25|.il-4 following each round of FACS selection. Unsorted 
CTLL cells (CTLL parent) typically exhibited 1 000-2000 1 L-4 receptors per cell. CTLL cells were subjected to 1 9 rounds 

25 of FACS selection. The final CTLL cells selected (CTLL-1 9) exhibited 5 x 10^ to 1 x 10® IL-4 receptors per cell. At this 
point the CTLL-1 9 population was subjected to EPICS® C-assisted single cell cloning and individual clonal populations 
were expanded and testedfor ^^^\-\L-4 binding. A single clone, designated CTLL-1 9.4, exhibited 1 x 10® IL-4 receptors 
per cell and was selected for purification and cloning studies. While the calculated apparent Kg values are similar for 
the two lines, CTLL-1 9.4 expresses approximately 400-fold more receptors on its surface than does the CTLL parent. 

30 

Example 3 

Detergent extraction of CTLL cells 

35 CTLL 19.4 cells were maintained in RPMI 1640 containing 10% fetal bovine serum, 50 U/ml penicillin, 50 i^g/ml 

streptomycin and 10 ng/ml of recombinant human IL-2. Cells were grown to 5 x cells/ml in roller bottles, han/ested 
by centrifugation, washed twice in serum free DMEM and sedimented at 2000 x g for 10 minutes to form a packed 
pellet (about 2 x 10^ cells/ml). To the pellet was added an equal volume of PBS containing 1% Triton® X-100 and a 
cocktail of protease inhibitors (2 mM phenylmethysulfonylfluorlde, lOuM pepstatin, 10 nM leupeptin, 2 mM o-phenan- 

40 throline and 2 mM EGTA). The cells were mixed with the extractkin buffer by vigorous vortexing and the mixture incu- 
bated on ice for 20 minutes after which the mixture was centrifuged at 12,000 x g for 20 minutes at 8°C to remove 
nuclei and other debris. The supematant was either used immediately or stored at -70°C until use. 

Example 4 

45 

lL-4 receptor purification by IL-4 affinity chromatography 

In order to obtain sufficient quantities of murine IL-4R to determine its N-lerminal sequence or to further characterize 
human IL-4R, protein obtained from the detergent extraction of cells was further purified by affinity chromatography. 

so Recombinant murine or human IL-4 was coupled to Affigel®-1 0 (BioRad) according to the manufacturer's suggestions. 
For example, to a solution o1 IL-4 (3.4 mg/ml in 0.4 ml of 0.1 M Hepes pH 7.4) was added 1 .0 ml of washed Affigel®- 
10. The solution was rocked overnight at 4°C and an aliquot of the supernatant tested lor protein by a BioRad protein 
assay per the manufacturer's instaictibns using BSA as a standard. Greater than 95% of the protein had coupled to 
the gel, suggesting that the column had a final load of 1 .3 mg IL-4 per ml gel. Glycine ethyl ester was added to a final 

55 concentration of 0.05 M to block any unreacted sites on the gel. The gel was washed extensively with PBS-1 % Triton® 
followed by 0.1 Glycine-HCI, pH 3.0. A 0.8 x 4.0 cm column was prepared with IL-4-coupled Affigel® prepared as 
described (4.0 ml bed volume) and washed with PBS containing 1% Triton® X-100 for purification of murine IL-4R. 
Altematively, 50 nl aliquots of 20% suspension of IL-4-coupled Affigel® were incubated with 35s-cysteine/methionine- 
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labeled cell extracts for small-scale affinity purifications and gel electrophoresis. 

Aliquots (25 ml) of detergent extracted lL-4 receptor bearing CTLL 19.4 cells were slowly applied to the murine 
IL-4 affinity column at 4°C (flow rate of 3.0 ml/hr). The column was then washed sequentially with PBS containing 1% 
Triton® X-100, RlPA buffer (0.05 M Tris, 0.15 M NaCI, 1% NP-40, 1% deoxycholate and 0.1% SDS), PBS containing 

s 0.1% Triton® X-100 and lOmM ATR and PBS with 1% Triton® X-100 to remove all contaminating material except Ihe 
mlL-4R. The column was then eluted with pH 3.0 glycine HCI buffer containing 0.1% Triton® X-100 to remove the IL- 
4R and washed subsequently with PBS containing 0. 1 % Triton® X-100. One ml fractions were collected for the elution 
and 2 ml fractions collected during the wash. Immediately following elution, samples were neutralized with 80 ul of 1 
M Hepes, pH 7.4. The presence of receptor in the fractions was detected by the solid phase binding assay as described 

10 above, using i25|.|abeled IL-4. Aliquots were removed from each fraction for analysis by SDS-PAGE and the remainder 
frozen at -70'C until use. For SDS-PAGE, 40 nl of each column fraction was added to 40 jil of 2 X SDS sample buffer 
(0.125 M Tris HCI pH 6.8, 4% SDS, 20% glycerol, 10% 2-mercaptoethanol). The samples were placed in a boiling 
water bath for 3 minutes and 80 \i\ aliquots applied to sample wells of a 10% polyacrylamide gel which was set up and 
run according to the method of Laemmli [Nature 227:680, 1970). Following electrophoresis, gels were silver stained 

15 as previously described by Urdal et al. (Proc. Natl. Acad. Sci. USA 81:. 6481, 1984). 

Purification by the foregoing process permitted identification by silver staining of polyacrylamide gels of two mlL- 
4R protein bands averaging 45 - 55 kDa and 30 - 40 kDa that were present in fractbns exhibiting IL-4 binding activity 
Experiments in which the cell surface proteins of CTLL-19.4 cells were radiolabeled and i2S|.|abeled receptor was 
purified by affinity chromatography suggested that these two proteins were expressed on the cell surface. The ratio of 

20 the lower to higher molecular weight bands increased upon storage of fractions at 4°C, suggesting a precursor product 
relationship, possibly due to slow proteolytic degradation. The mlL-4 receptor protein purified by the foregoing process 
remains capable of binding IL-4, both in solution and when adsorbed to nitrocellulose. 



Example 5 

25 

Seguencinq of IL-4 receptor protein 

CTLL 19.4 mlL-4 receptor containing fractions from the mlL-4 affinity column purification were prepared for amino 
terminal protein sequence analysis by fractionating on an SDS-PAGE gel and then transferred to a PVDF membrane. 

30 Prior to running the protein fractions on polyacrylamide gels, it was first necessary to remove residual detergent from 
the affinity purification process. Fractions containing proteins bound to the mlL-4 affinity column from three preparations 
were thawed and concentrated individually in a speed vac under vacuum to a final volume of 1 ml. The concentrated 
fractions were then adjusted to pH 2 by Ihe addition of 50% (v/v) TFA and injected onto a Brownlees RP-300 reversed- 
phase HPLC column (2.1 x 30 mm) equilibrated with 0.1% (v/v) TFA in HjO at a flow rate of 200 nl/min running on a 

35 Hewlett Packard IVIodel 1090M HPLC. The column was washed with 0.1% TFA in HjO for 20 minutes post injection. 
The HPLC column containing the bound protein was then developed with a gradient as foltows; 



Time 


% Acetonitrile in 0.1% TFA 


0 


0 


5 


30 


15 


30. 


25 


70 


30 


70 


35 


100 


40 


0 



1 ml fractions were collected every five minutes and analyzed for the presence of protein by SDS PAGE followed by 
silver staining. 

Each fraction from the HPLC run was evaporated to dryness in a speed vac and then resuspended in Laemmli 
reducing sample buffer, prepared as described by Laemmli, U.K. Nature 227:680, 1970. Samples were applied to a 
5-20% gradient Laemmli SDS gel and run at 45 mA until the dye front reached the bottom of the gel. The gel was then 
transferred to PVDF paper and stained as described by lyiatsudaira, J. Bhl. Chem. 262:10035, 1987. Staining bands 
were clearly identified in fractions from each of the three preparations at approximately 30,000 to 40.000 M,- 

The bands from the previous PVDF blotting were excised and subjected to automated Edman degradation on an 
Applied Blosystems Model 477A Protein Sequencer essentially as described by Ivlarch et al. {Nature 3J5:641 , 1 985), 
except that PTH amino acids were automatically injected and analyzed on line with an Applied Blosystems Model 1 20A 



11 



EP 0 367 566 B1 



HPLC using a gradient and detection system supplied by the nnanutacturer. The tollowing amino terminal sequence 
was determined from the results of sequencing: NHj-lle-Lys-Val-Leu-Gly-Glu-Pro-Thr-Cys/Asn-Phe-Ser-Asp-Tyr-lle. 
The bands from the second preparation used for amino terminal sequencing were treated with CNBr using the in situ 
technique described by March et al. {Nature 315: 641 , 1985) to cleave the protein after internal methionine residues. 
Sequencing of the resulting cleavage products yielded the following data, indicating that the CNBr cleaved the protein 
after two internal methionine residues: 



Cycle 


Residues Observed 


1 


Val, Ser 


2 


Gly, Leu 


3 


lie. Val 


4 


Tyr, Ser 


5 


Arg, Tyr 


6 


Glu, Thr 


7 


Asp, Ala 


e 


Ash, Leu 


g 


Pro, Val 


10 


Ala 


11 


Glu, Val 


12 


Phe, Gly 


13 


lie. Asn 


14 


Val, Gin 


15 


Tyr. lie 


16 


Lys. Asn 


17 


Val. Thr 


18 


Thr, Gly 



When compared with the protein sequences derived from clones 16 and 18 (see Figure 2), the sequences matched 
as follows: 

15 10 15 18 

Sequence 1 : (MeO-Val-Asn-lle-Ser-Arg-Glu-Asp-Asn-Pro-Ala-Glu-Phe-lle-Val-Tyr-Asn-Val-Thr 



15 10 15 18 

Sequence 2: (Met)-Ser-Gly-Val-Tyr-Tyr-Thr-Ala-Arg-Val-Arg-Val-Arg-Ser-Gln-lle-Leu-Thr-Gly 

Identical matches were found for all positions of sequence 1 except Asn(2) and sequence 2, except Arg at positions 
8, 10, and 12, Ser at position 13, and Leu at position 16. The above sequences correspond to amino acid residues 
137-154 and 169-187 of Figure 2. 

In addition, the amino terminal sequence matched a sequence derived from the clone with position 9 being defined 
as a Cys. 

The above data support the conclusion that clones 16 and 18 are derived from the message for the IL-4 receptor. 
Example 6 

Synthesis of hybrid-subtracted cDNA probe 

In order to screen a library for clones encoding a murine IL-4 receptor, a highly enriched IL-4 receptor cDNA probe 
was obtained using a subtractive hybridization strategy. Polyadenylated (polyA+) mRNA was isolated from two similar 
cell lines, the parent cell line CTLL (which expresses approximately 2,000 receptors per cell) and the sorled cell line 
CTLL 19.4 (which expresses 1 x 10^ receptors per cell). The mRNA content of these two cell lines is expected to be 
identical except tor the relative level of IL-4 receptor mRNA. A radiolabeled single-stranded cDNA preparation was 
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then made from the mRNA of the sorted cell line CTLL 1 9.4 by reverse transcription of polyadenylated mRNA Irom 
CTLL 19.4 cells by a procedure similar to that described by Maniatis et al., Molecular Cloning, A Laboratory Manual 
(Cold Spring Hartor Laboratory, New York, 1982). Briefly, polyA-^ mRNA was purified as described by March et al. 
{Nature 3r5:641-647, 1985) and copied into cDNA by reverse transcriptase using oligo dT as a primer To obtain a 

5 high level of 32p.|abeling of the cDNA,100 ^Ci of 32P-dCTP (s.a.=3000 Ci/mmol) was used in a 50 nl reaction with non- 
radioactive dCTP at 10 nM. After reverse transcription at 42°C for 2 hours, EDTA was added to 20 mf^ and the RNA 
was hydrolyzed by adding NaOH toO.2 and incubating the cDNA mixture at BS-C for 20 minutes. The single-stranded 
cDNA was extracted with a phenol/chloroform (50/50) mixture previously equilibrated with 10 mlVl Tris-CI, 1 mM EDTA. 
The aqueous phase was removed to a clean tube and made alkaline again by the addition of NaOH to 0.5 Ivl. The 

10 cDNA was then size-fractionated by chromatography on a 6 ml Sephadex® G50 column in 30mM NaOH and 1 mlvl 
EDTA to remove small molecular weight contaminants. 

The resulting size-fractionated cDNA generated from the sorted CTLL 19.4 cells was then hybridized with an 
excess of mRNA from the unsorted parental CTLL cells by ethanol-precipitating the cDNA from CTLL 19.4 cells with 
30 |ig of poly A* mRNA isolated from unsorted CTLL cells, resuspending in 16nlof 0.25 (WIN aP04, pH 6.8, 0.2% SDS, 

IS 2 mM EDTA and incubating for 20 hours at 6B°C. The cDNAs from the sorted CTLL 1 9.4 cells that are complementary 
to mRNAs from the unsorted CTLL cells form double stranded cDNA/mRNA hybrids, which can then be separated 
from the single stranded cDNA based on their different binding affinities on hydroxyapatite. The mixture was diluted 
with 30 volumes of 0.02 M UaPO^. pH 6.8; bound to hydroxyapatite at room temperature, and single-stranded cDNA 
was then eluted from the resin with 0.1 2 tvl NaP04, pH 6.8, at 60°C, as described by Sims et al. , Nature 312.S'i\ , 1 984. 

20 Phosphate buffer was then removed by centrif ugation over 2 ml Sephadex® G50 spin columns in water. This hybrid 
subtraction procedure removes a majority of common sequences between CTLL 19.4 and unsorted CTLL cells, and 
leaves a single-stranded cDNA pool enriched for radiolabeled IL-4 receptor cDNA which can be used to probe a cDNA 
library (as described below). 



25 Example 7 



Synthesis of cDNA library and plaaue screening 

A cDNA library was constructed from polyadenylated mRNA isolated from CTLL 19.4 cells using standard tech- 
30 niques (Gubler, etal., Gens 25:263, 1983; Ausubel et al., eds., Cun-ent Protocols in Molecular Biology. Vol. 1, 1987). 
Alter reverse transcription using oligo dT as primer, the single-stranded cDNA was rendered double-stranded with DNA 
polymerase I, blunt-ended with T4 DNA polymerase, methylated with EcoR I methylase to protect ecoff 1 cleavage 
sites within the cDNA, and ligated to £coR I linkers. The resulting constructs were digested with EcoR I to remove all 
but one copy of the linkers at each end of the cDNA, and ligated to an equimolar concentration of EcoR I cut and 

3S dephosphorylated XZAP® arms and the resulting ligation mix was packaged in vitro (Gigapack®) according to the 
manufacturer's instructions. Other suitable methods and reagents for generating cDNA libraries in X phage vectors are 
described by Huynh et al.. DNA Cloning Techniques: A Practical Approach. IRL Press, Oxford (1984); Meissner et al., 
Proc. Natl. Acad. Sci. USA S4:4171 (1987), and Ausubel et al., supra. XZAP® is a phage X cloning vector similar to 
Xgtll (U.S. Patent 4,788,135) containing plasmid sequences from pUC19 (Norrander et al., Gene 26:101, 1987), a 

40 polylinker site located in a lacZ gene fragment, and an f1 phage origin of replication permitting recovery ot ssDNA 
when host bacteria are superinfected with f1 helper phage. DNA is excised in the form of a plasmid comprising the 
foregoing elements, designated Bluescript®. Gigapack® is a sonicated E. cxi// extract used to package X phage DNA. 
XZAP®, Bluescript®, and Gigapack® are registered trademarks of Stratagene, San Diego, CA, USA. 

The radiolabeled hybrid-subtracted cDNA from Example 6 was then used as a probe to screen the cDNA library. 

45 The amplified library was plated on BB4 cells at a density of 25,000 plaques on each of 20 1 50 mm plates and incubated 
ovemight at 37»C. All manipulations of XZAP® and excision of the Bluescript® plasmid were as described by Short et 
al., (Nucl. Acids Res. 76:7583, 1988) and Stratagene product literature. Duplicate plaque lift filters were incubated with 
hybrid-subtracted cDNA probes from Example 6 in hybridization buffer containing 50% formamide, 5 X SSC, 5 X Den- 
hardt's reagent and 1 0% dextran sulfate at 42*0 for 48 hours as described by Wahl et al., Proc. Natl. Acad Sci. USAJe. 

50 3683, 1 979. Filters were then washed at 68»C in 0.2 x SSC. Sixteen positive plaques were purified for further analysis. 

Bluescript® plasmids containing the cDNA inserts were excised from the phage as described by the manufacturer 
and transformed into E. coli. Plasmid DNA was isolated from individual colonies! digested with EcoR I to release the 
cDNA inserts and electrophoresed on standard 1% agarose gels. Four duplicate gels were blotted onto nylon filters to 
produce identical Southern blots for analysis with various probes which were (1 ) radiolabeled cDNA from unsorted 

55 CTLL cells, (2) radiolabeled cDNA from CTLL 19.4 sorted cells, (3) hybrid subtracted cDNA from CTLL 19.4 sorted 
cells, and (4) hybrid subtracted cDNA from CTLL 19.4 sorted cells after a second round of hybridization to poly A* 
mRNA from an IL-4 receptor negative mouse cell line (LBRM 33 1 A5B6). These probes were increasingly enriched for 
cDNA copies of mRNA specific for the sorted cell line CTLL 19.4. Of the 16 positive plaques isolated from the library, 
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tour clones (11 A, 14, 16 and 18) showed a parallel increase in signal strength with enrichment of the probe. 

Restriction mapping (shown in Figure 1 ) and DNA sequencing of the isolated CTLL clones indicated the existence 
of at least two distinct mRNA populations. Both mRNA types have homologous open reading frames over most of the 
coding region yet diverge at the 3' end, thus encoding homologous proteins with different COOH-terminal sequences. 

5 DNA sequence from inside the open reading frames of both clones code for protein sequence that is identical to protein 
sequence derived from sequencing of the purified IL-4 receptor described in more detail in Example 5. Clone 16 and 
clone 18 were used as the prototypes for these two distinct message types. Clone 1 6 contains an open reading frame 
that encodes a 258-amino acid polypeptide which includes amino acids -25 to 233 of Figure 2A. Clone 18 encodes a 
230-amino acid polypeptide, the N-terminal 224 amino acids of which are identical to the N-terminus of clone 16 but 

10 diverge at the 3' end with nucleotides CCAAGTAATGAAAATCTG which encode the C-terminal 6 amino acids, Pro- 
Ser-Asn-Glu-Asn-Leu, followed by a termination codon TGA. Both clones were expressed in a mammalian expression 
system, as described in Example 8. 

Example 8 

IS 

Expression of IL-4R in mammalian cells 

A. Expression in COS-7 Cells. A eukaryotic expression vector pCAV/NOT, shown in Figure 3, was derived from 
the mammalian high expression vector pDC201 , described by Sims et al.. Science 241:585, 1 988). pDC201 is a de- 

20 rivative of pMLSV, previously described by Cosman et al., Nature 3J2768, 1 984. pCAV/NOT is designed to express 
cDNA sequences inserted at its multiple cloning site (MCS) when transfected Into mammalian cells and includes the 
following components: SV40 (hatched box) contains SV40 sequences from coordinates 5171-270 including the origin 
of replication, enhancer sequences and early and late promoters. The fragment is oriented so that the direction of 
transcription from the early promoter is as shown by the arrow. CtWIV contains the promoter and enhancer regions from 

25 human cytomegalovirus (nucleotides -671 to +7 from the sequence published by Boshartetal., Ce//4J:521-530, 1985). 
The tripartite leader (stippled box) contains the first exon and part of the intron between the first and second exons of 
the adenovirus-2 tripartite leader, the second exon and part of the third exon of the tripartite leader and a multiple 
cloning site (MCS) containing sites iorXho\, Kpn\. Sma\, A/of I and 63/ II. pA (hatched box) contains SV40 sequences 
from 41 27-4100 and 2770-2533 that include the polyadenylation and termination signals tor early transcription. Clock- 

30 vi/ise from pA are adenovirus-2 sequences 10532-11156 containing the VAl and VAII genes (designated by a black 
bar), followed by pBR322 sequences (solid line) from 4363-2486 and 1094-375 containing the ampicillin resistance 
gene and origin of replication. The resulting expression vector was designated pCAV/NOT. 

Inserts in clone 16 and clone 18 were both released from Bluescript® plasmid by digestion with Asp 718 and Not 
I. The 3.5 kb insert from cksne 16 was then ligated directly into the expression vector pCAV/NOT also cut at the Asp 

3S 718 and Not I sites in the polylinker region. The insert from clone 18 was blunt-ended with T4 polymerase followed by 
ligation into the vector pCAV/NOT cut with Sma I and dephosphorylated. 

Plasmid DNA from both IL-4 receptor expression plasmids were used to transfect a sub-confluent layer of monkey 
COS-7 cells using DEAE-dextran followed by chloroquine treatment, as described by Luthman et al. [Nucl. Acids Res. 
JJ:1295, 1983) and McCutchan et al. (J. Natl. Cancer Inst. 47:351, 1968). The cells were then grown in culture for 

40 three days. to permit transient expression of the inserted sequences. After three days, cell culture supematants and 
the cell monolayers were assayed (as described in Example 1) and IL-4 binding was confirmed. 

B. Expression in CHO Cells. IL-4R was also expressed in the mammalian CHO cell line by first ligating an 
Asp7ABJNol\ restriction fragment of ckjne 18 into the pCAV/NOT vector as described in Example 8. The pCAV/NOT 
vector containing the insert from clone 18 was then co-transfected using a standard calcium phosphate method into 
CHO cells with the dihydrofolate reductase (DHFR) cDNA selectable marker under the control of the SV40 early pro- 
moter. The DHFR sequence enables methotrexate selection for mammalian cells harboring the plasmid. DHFR se- 
quence amplification events in such cells were selected using elevated methotrexate concentrations. In this way the 
contiguous DNA sequences are also amplified and thus enhanced expression is achieved. Mass cell cultures of the 
transfectants secreted active soluble IL-4R at approximately 100 ng/ml. 

50 c. Expression in HeLa Cells. IL-4R was expressed in the human HeLa-EBNA cell line 653-6, which constitutively 

expresses EBV nuclear antigen-1 driven from the CMV immediate-early enhancer/promoter. The expression vector 
used was pHAV-EO-NEO, described by Dower et al., J. Immunol. 742:4314, 1989), a derivative of pDC201, which 
contains the EBV origin of replication and allows high level expression in the 653-6 cell line. pHAV-EO-NEO is derived 
from pDC201 by replacing the adenovirus major late promoter with synthetic sequences from HIV-1 extending from - 

ss 148 to +78 relative to the cap site of the viral mRNA, and including the HIV-1 tat gene under the control of the SV-40 
early promoter. It also contains a Bgl I l-Sma I fragment containing the neomycin resistance gene of pSV2NEO (Southern 
& Berg, , J. Mol. Appl. Genet. 7:332, 1982) inserted into the BglW and Hps I sites and subcloning downstream of the 
Sa/I cloning site. The resulting vector permits selection of transfected cells for neomycin resistance. 
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A 760 bp IL-4R fragment was released form the Bluescrlpt® plasmid by digesting with EcoN I and Sst I restriction 
enzymes. This fragment of clone 18 corresponds to nucleotides 1-672 of Figure 2A, with the addition of a 5' terminal 
nucleotide sequence of GTGCAGGCACCTTTTGTGTCCCCA, a TGA stop codon which follows nucleotide 672 of Fig- 
ure 2A, and a 3' terminal nucleotide sequence of CTGAGTGACCTTGGGGGCTGCGGTGGTGAGGAGAGCT. This 
fragment was then blunt-ended using T4 polymerase and subcloned Into the Sa/I site of pHAV-EO-NEO. The resulting 
plasmid was then transfected into the 653-6 cell line by a modified polybrene transfection method as described by 
Dower etal. (J. Immunol. 142:4314, 1 989) with the exception that the cells were trypsinized at 2 days post-transfection 
and split at a ratio of 1:8 into media containing G41 8 (Gibco Co.) at a concentration of 1 mg/ml. Culture media were 
changed twice weekly until neomycin-resistant colonies were established. Colonies were then either picked individually 
using cloning rings, or pooled together, to generate several different cell lines. These cell lines were maintained under 
drug selection at a G418 concentration of 250 ng/ml. When the cells reached confluency supematants were taken and 
tested In the inhibition assay of Example 1 B. Cell lines produced from 100 ng/ml to 600 ng/ml of soluble IL-4R protein. 

Example 9 

Expression of IL-4R in veasl cells 

For expression of ml L-4R, a yeast expression vector derived from pIXYI 20 was constructed as follows. pIXYI 20 
is identical topYoHuGlvl (ATCC 531 57), except that it contains nocDNA insert and includes a polylinker/multiple cloning 
site with an Nco I site. This vector includes DNA sequences from the following sources: (1) a large Sph I (nucleotide 
562) to EcoR I (nucleotide 4361 ) fragment excised from plasmid pBR322 (ATCC 3701 7), including the origin of repli- 
cation and the ampiclllin resistance marker for selection in £ coir. (2) S. cerevisiae DNA including the TRP-1 marker, 
2\i origin of replication, ADH2 promoter; and (3) DNA encoding an 85 amino acid signal peptide derived from the gene 
encoding the secreted peptide a-factor (See Kurjan et al., U.S. Patent 4,546,082). An Asp 718 restriction site was 
introduced at position 237 in the a-factor signal peptide to facilitate fusion to heterologous genes. This was achieved 
by changing the thymidine residue at nucleotide 241 to a cytosine residue by oligonucleotide-directed in vitro muta- 
genesis as described by Craik, BioTechniques. January 1 985, pp.1 2-1 9. A synthetic oligonucleotide containing multiple 
cloning sites and having the following sequence was inserted from the AspTiB site at amino acid 79 near the 3' end 
of the a-factor signal peptide to a Spel site in the 2,u sequence: 



Asp7^Q Stul Noo\ aamHISmal Spe\ 

GTACCTTTGGATAAAAGAGACTACAAGGACGACGATGACAAGAGGCCTCCATGGAXCCCCCGGGACA 

GAAACCTATTTTCTCTGATGTTCCTGCTGCTACTGTTCTCCGGAGGTACCTAGGGGGCCCTGTGATC 



-Polylinker- 



pBCI 20 also varies from pYaHuGM by the presence of a 5 1 4 bp DNA fragment derived from the single-stranded phage 
fl containing the origin of replication and intergenic region, which has been Inserted at the Nru I site in the pBR322 
sequence. The presence of an f 1 origin of replication permits generation of single-stranded DNA copies of the vector 
when transformed Into appropriate strains of E co// and superinfected with bacteriophage f1, which facilitates DNA 
sequencing of the vector and provides a basis for in vitro mutagenesis. To insert a cDNA, plXY120 is digested with 
Asp71 8 which cleaves near the 3' end of the a-factor leader peptide (nucleotide 237) and, for example, BamhH which 
cleaves in the polylinker. The large vector fragment is then purified and ligated to a DNA fragment encoding the protein 

to be expressed. ■ j , ,i. 

To create a secretion vector for expressing mlL-4R, a cDNA fragment encoding mlL-4R was excised from the 
Bluescrlpt® plasmid of Example 8 by digestion with Ppum I and Bgl II to release an 831 bp fragment from the Ppum I 
site (see FIGURE ) to an Bgl II site located 3' to the open reading frame containing the mlL-4R sequence minus the 
first two 5- codons encoding lie and Lys. plXY120 was digested with Asp7-[B near the 3' end of the a-factor leader and 
BamH I . The vector fragment was ligated to the Ppum \/Bgl\\ hlL-4R cDNA fragment and the following fragment created 
by annealing a pair of synthetic oligonucleotides to recreate the last 6 amino acids of the a-factor leader and the first 
two amino acids of mature mlL-4R. 
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a-factor processing — >| 

GTA CCT CTA GAT AAA AGA ATC AAG 

GA GAT CTA TTT TCT TAG TTC CAG 
5 Val Pro Leu Asp Lys Arg He Lya 

|<— ml^R 

The oligonucleotide also included a change Irom the nucleotide sequence TGG ATA to CTA GAT which introduces a. 

10 xba I restriction site, without altering the encoded amino acid sequence. 

The foregoing expression vector was then purified and emptoyed to transform a diploid yeast strain of S. cerevisiae 
(XV2181) by standard techniques, such as those disclosed in EPA 165,654, selecting for tryptophan prototrophs. The 
resulting transformants were cultured for expression of a secreted mlL-4R protein. Cultures to be assayed for biological 
activity were grown in 20-50 ml of YPD medium (1% yeast extract, 2% peptone, 1% glucose) at 37°C to a cell density 

'5 of 1-5 X 10^ cells/ml. To separate cells from medium, cells were removed by centrifugation and the medium filtered 
through a 0.45 n cellulose acetate filter prior to assay. Supernatants produced by the transformed yeast strain, or crude 
extracts prepared from disrupted yeast cells transformed the plasmid, were assayed to verify expression of a biologically 
active protein. 

20 Example 10 

Isolation of full-length and truncated forms of murine IL-4 receptor cDNAs from unsoned 7B9 cells 

Polyadenylated RNA was isolated from 7B9 cells, an antigen-dependent helper T cell clone derived from C57BL/ 

25 6 mice, and used to construct a cDNA library in XZAP (Stratagene, San Diego), as described in example 7. The XZAP 
library was amplified once and a total of 300.000 plaques were screened as described in Example 7, with the exception 
that the probe was a randomly primed 32p-iabeled 700 bp EcoR I fragment isolated from CTLL 1 9.4 clone 1 6. Thirteen 
clones were isolated and characterized by restriction analysis. 

Nucleic acid sequence analysis of clone 7B9-2 revealed that it contains a polyadenylated tail, a putative polyade- 

30 nylation signal, and an open reading frame of 810 amino acids (shown in Fig. 2), the first 258 of which are identical to 
those encoded by CTLL 19.4 clone 16, including the 25 aminoacid putative signal peptide sequence. The 7B9-2 cDNA 
was subcloned into the eukaryotic expression vector, pCAV/NOT, and the resulting plasmid was transfected into COS- 
7 cells as described in Example 8. COS-7 transfectants were analyzed as set forth in Example 1 2. 

A second cDNA form, similar to clone 18 in the CTLL 19.4 library, was isolated from the 7B9 library and subjected 

35 to sequence analysis. This cDNA, clone 7B9-4, is 376 bp shorter than clone 7B9-2 at the 5' end, and lacks the first 47 
amino acids encoded by 7B9-2, but encodes the remaining N-terminal amino acids 23-1 99 (in Fig. 2). At position 200, 
clone 7B9-4 (like cbne 18 from CTLL 19.4) has a 114 bp insert which changes the amino acid sequence to Pro Ser 
Asn Glu Asn Leu followed by a termination codon. The 1 14 bp inserts, found in both clone 7B9-4 and CTLL 1 9.4 clone 
18 are identical in nucleic acid sequence. The fact that this cDNA fonn, which produces a secreted form of the IL-4 

40 receptor when expressed in COS-7 cells, was isolated from these two different cell lines indicates that it is neither a 
cloning artifact nor a mutant form peculiar to the sorted CTLL cells. 

Example 11 

45 Isolation of human IL-4 receptor cDNAs from PBL and T22 libraries by cross-species hvbridizatbn 

Polyadenylated RNA was isolated from pooled human peripheral blood lymphocytes (PBL) that were obtained by 
standard Ficoll purification and were cultured In IL-2 for six days followed by stimulation with PMA and Con-A lor eight 
hours. An oligo dT primed cDNA library was constructed in XgtIO using techniques described in example 7. A probe 

50 was produced by synthesizing an unlabeled RNA transcript of the 7B9-4 cDNA insert using T7 RNA polymerase, 
followed by 32p.|abeled cDNA synthesis with reverse transcriptase using random primers (Boehringer-Mannheim). 
This murine single-stranded cDNA probe was used to screen 50,000 plaques from the human cDNA library in 50% 
formamide/0.4 M NaCI at 42°C, followed by washing in 2 X SSC at 55°C. Three positive plaques were purified, and 
the EcoR I inserts subcloned into the Bluescript® plasmid vector. Nucleic acid sequencing of a portion of clone PBL- 

55 1 , a 3.4 kb cDNA, indicated the clone was approximately 67% homologous to the corresponding sequence of the 
murine IL-4 receptor. However, an insert of 68 bp. containing a termination codon and bearing no homology to the 
mouse IL-4 receptor clones, was found 45 amino acids downstream of the predicted N-terminus of the mature protein, 
suggesting that clone PBL-1 encodes a non-functional truncated form of the receptor. Nine additional human PBL 
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clones were obtained by screening the same library (under stringent conditions) with a 32p.|abeled random-primed 
probe made from the clone PBL-1 (the 3.4 kb EcoH I cDNA insert). Two of these clones, PBL-11 and PBL-5. span the 
5' region that contains the 68 bp insert in PBL-1 , but lack the 68 bp insert and do not extend fully 3', as evidenced by 
their size, thus precluding functional analysis by mammalian expression. In order to obtain a construct expressible in 

5 COS-7 cells, the 5, Not \-Hinc II fragment of clones PBL-1 1 and PBL-5 were separately ligated to the 3' Hinc W-BamH 
I end of clone PBL-1 , and subcloned into the pC AV/NOT expression vector cut with Not I and BglW described in Example 
8. These chimeric human I L-4RcDNAs containing PBL-11 /PBL-1 and PBL-5/PBL-1 DNA sequences have been termed 
clones AS and B4, respectively, as further described in Example 12. These constructs were transfected into COS-7 
cells, and assayed for IL-4 binding in a plate binding assay substantially as described in Sims et al. {Science 241:5B5. 

10 1988). Both composite constructs encoded protein which exhibited IL-4 binding activity. The nucleotide sequence and 
predicted amino acid sequence of the composite A5 construct correspond to the sequence information set forth in 
Figures 4A-4C, with the exception that a GTC codon encodes the amino acid \fa\ at position 50, instead of lie. No other 
clones that were sequenced contained this change. The consensus codon from clones PBL-1 , PBL-5 and T22-8, 
however, is ATC and encodes lleSO, as set forth in Figure 4A. The nucleotide and predicted amino acid sequence of 

IS the composite B4 construct also shows that the 25 amino acid leader sequence of PBL-1 1 is replaced with the sequence 
t^et-Gln-Lys-Asp-Ala-Arg-Arg-Glu-Gly-Asn. 

Constructs expressing a soluble form of the human IL-4 receptor were made by excising a S'-terminal 0.8 kb Sma 

I- Dra III fragment from PBL-5 and the corresponding 0.8 kb Asp718-Dra III fragment from PBL-11, of which the Dra III 
overhangs were blunt-ended with T4 polymerase. The PBL-5 and PBL-11 fragments were separately subcloned into 

so CAV/NOT cut with Sma I or Asg 718 plus Sma I, respectively; these are called soluble hlL-4R-5 and soluble hlL-4R- 
11, respectively. In both constructs the final IL-4 receptor amino acid Thr^^* codon is followed by the vector-encoding 
amino acids GlyGlnArgProLeuGlnlleTyrAlalle before terminating. 

A second library made from a CD4+yCD8- human T cell ctone, T22, (Acres et al . J.Immunol . J38;21 32, 1 987) was 
screened (using duplicate filters) with two different probes synthesized as described above. The first probe was obtained 

2S from a 220 bp Pvu II fragment from the 5' end of clone PBL-1 and the second probe was obtained from a 300 bp Pyu 

II - EcoR I fragment from the 3' end of the clone PBL-1. Five additional cDNA clones were identified using these two 
probes. Two of these clones span the 5' region containing the 68 bp insert, but neither contain the insert. The third of 
these clones T22-8, was approximately 3.6 kb in size and contained in an open reading frame of 825 amino acids, 
including a 25 amino acid leader sequence, a 207 amino acid mature external domain, a 24 amino acid transmembrane 

30 region and a 569 amino acid cytoplasmic domain. The sequence of clone T22-8 is set forth in Figures 4A-4C. Figures 
5A-5B compare the predicted human IL-4R amino acid sequence with the predicted murine IL-4R sequence and show 
approximately 53% sequence identity between the two proteins. 

A third soluble human IL^ receptor construct was made as follows. cDNA clone T22-8 was cleaved at the Dralll 
site in the Thri** codon, and repaired with synthetic oligonucleotides to regenerate Jhr^^* and Lys^^s codons, followed 

ss by a termination codon, and a Notl restriction site. A 0.68 kb Styl-NotI restriction fragment of this clone was then blunt- 
ended at the Styl site and subcloned into a Smal-NotI digested pCA V/NOT vector. This cDNA expression vector was 
designated hi L-4R-8. 

Example 12 

40 

Analysis and purification of IL-4 receptor in COS transfectants 

Equilibrium binding studies were conducted for COS cells transfected with murine IL-4 receptor clones 16 and 18 
from the CTLL 19.4 library. In all cases analysis of the data in the Scatchard coordinate system (Scatchard, Ann. N. Y. 

4S Acad. Sci. 5J:660-672, 1949) yielded a straight line, indicating a single class of high-affinity receptors for murine IL-4. 
For COS pCAV-16 cells the calculated apparent was 3.6 x 10^ M-^ with 5.9 x 1 0^ specific binding sites per cell. A 
similar apparent was calculated for COS pCAV-1 8 cells at 1 .5 x 1 0^ M'l but receptor number expressed at the cell 
surface was 4.2 x 1 0*. Equilibrium binding studies performed on COS cells transfected with IL-4R DNA clones isolated 
from the 7B9 cell library also showed high affinity binding of the receptor to IL-4. Specifically, studies using COS cells 

50 transfected with pCAV-7a9-2 demonstrated that the full length murine IL-4 receptor bound i25|.il.4 with an apparent 
Kg of about 1.4 x 101° fJ^■^ y^iih 4.5 x 10^ specific binding sites per cell. The apparent Kg of CAV-7B9-4 IL-4R was 
calculated to be about 1 .7 x 10^ M'^ . Although absolute values for and binding sites per cell varied between trans- 
fectbns, the binding affinities were generally similar (1 x 1 0^ - 1 x 101° M-1) and matched well with previously published 
affinity constants for IL-4 binding. 

ss Inhibition of i25|.miL-4 binding to CTLL cells by conditksned media from COS cells transfected with plasmid pCAV, 

pCAV-18, or pCAV-7B9-4 was used to determine if these cDNAs encoded functional soluble receptor molecules. Ap- 
proximately 1.5 nl of COS pCAV-18 conditksned media in a final assay volume of 150 nl gives approximately 50% 
inhibition of ^^^\-\L-4 binding to the IL-4 receptor on CTLL cells. ''^\-\LA receptor competing activity is not detected in 
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conlrol pCAV transtected COS supematants. From quantitative analysis of the dilutbn of pCAV-1 8 supernatant required 
to inhibit i25|.|L.4 binding by 50%, it is estimated that approximately 60-100 ng/ml of soluble IL-4 receptor has been 
secreted by COS cells when harvested three days after transfection. Similar results were obtained utilizing supernatants 
from COS cells transtected with pCAV-7B9-4. 

s Conditioned medium from COS cells transfected with pCAV-18 or pCAV-7B9-4 (see Example 8) and grown in 

DMEM containing 3% FBS was harvested three days after transfection. Supernatants were centrifuged at 3,000 cpm 
for 10 minutes, and frozen until needed. Two hundred ml of conditioned media was baded onto a column containing 
4 ml of mulL-4 Affigel prepared as described above. The column was washed extensively with PBS and IL-4 receptor 
eluted with 0.1 M glycine. 0.15 M NaCI pH 3.0. Immediately following elution, samples were neutralized with 80^1 of 

10 1 M Hepes pH 7.4. Samples were tested for their ability to inhibit binding of i25|.mulL-4 to CTLL cells as set forth in 
Example IB. Additionally samples were tested for purity by analysis on SDS-PAGE and silver staining as previously 
described. Alternative methods for testing functional soluble receptor activity or IL-4 binding inhibition include solid- 
phase binding assays, as described in Example 1C, or other similar cell free assays which may utilize either radio 
iodinated or colorimetrically developed IL-4 binding, such as RIA or ELISA. The protein analyzed by SDS-PAGE under 

'5 reducing conditions has a molecular weight of approximately 37,500, and appears approximately 90% pure by silver 
stain analysis of gels. 

Purified recombinant soluble mu rine IL-4 receptor protein-may also be tested for its ability to inhibit I L-4 induced ^H- 
thymidine incorporation in CTLL cells. Pursuant to such methods, soluble IL-4 receptor has been found to block IL-4 
stimulated proliferatbn, but does not affect IL-2 driven mitogenic response. 
20 Molecular weight estimates were performed on mlL-4 receptor clones transfected into COS cells. Utilizing 1*^2 

monoclonal antibody prepared against murine CTLL 1 9.4 cells (see Example 1 3), I L-4 receptor is immunoprecipitated 
from COS cells transfected with CAV-16, CAV-7B9-2 and CAV-7B9-4 and labeled with 35S-cysteine and 3Ss-methio- 
nine. Cell associated receptor from CAV-7B9-4 shows molecular weight heterogeneity ranging from 32-39 kDa. Se- 
creted CAV-7B9-4 receptor has molecular weight between 36 and 41 kDa. Cell associated receptorfrom CAV-1 6 trans- 
25 (ected COS cells is about 40-41 kDa. This is significantly smaller than molecular weight estimations from crosslinking 
studies described by Parketal., J. Exp. Med. 16&.A76. 1987; J. Cell. Biol., Suppl. 12A, 1988. Immunoprecipitation of 
COS CAV-7B9-2 cell-associated receptor showed a molecular weight of 1 30-1 40 kDa, similar to the estimates of Park 
etal., J. Cell. Biol., Suppl. 12A, 1988, estimated to be the full length IL^ receptor Similar molecular weight estimates 
of cell-associated CAV-16 and CAV-7B9-2 IL-4 receptor have also been made based on cross-linking '2S|l.4 to COS 
30 cells transfected with these cDNAs. Heterogeneity of nrxslecular weight of the individual clones can be partially attributed 
to glycosylatbn. This data, together with DNA sequence analysis, suggests that the 7B9-2 cDNA encodes the full 
length cell-surface IL-4 receptor, whereas both 7B9-4 and clone 18 represent soluble forms of murine IL-4 receptor. 

Receptor characterization studies were also done on COS cells transfected with hlL-4R containing expression 
plasmids. The two chimeric human IL-4R molecules A5 and B4 (defined in Example 11) were transfected into COS 
3S cells and equilibrium binding studies undertaken. The COS monkey cell itself has receptors capable of binding hlL-4; 
therefore the binding calculations performed on COS cells transfected with and overexpressing hlL-4R cDNAs repre- 
sent background binding from endogenous monkey IL-4R molecules subtracted from the total binding. COS cells trans- 
fected with hlL-4R A5 had 5.3 x 10* hlL-4 binding sites with a calculated Kg of 3.48 x 10^ M'V Similarly, the hlL-4R B4 
expressed in COS cells bound i25|^il.4 with an affinity of 3.94 x lO^ M''' exhibiting 3.2 x 10* receptors per cell. 
40 fwlolecular weight estimates of human 1L-4R expressed in COS cells were also performed. COS cells transfected 

with cksnes AS or 84 in pCAV/NOT were labeled with 35s-cysteine/ methionine and lysed. Human IL-4R was affinity 
purified from the resulting lysales with hlL-4-coupled Affigel® (as described in Example 4). The hlL-4R AS and B4 
eluted from this affinity support migrated at about 1 40,000 daltons on SDS-PAGE, agreeing well with prevkjus estimates 
of hlL-4R molecular weight by cross-linking (Park et al., J. Exp. Med. 766476, 1 987). as well as with estimates of tull- 
es length mlL-4R presented here. 

Because no soluble human IL-4R oDNA has thus far been found occurring naturally, as was the case for the munne 
receptor (clones 18 and 789-4), a truncated iom was constructed as described in Example 11 Following expression 
in COS cells, supematants were han/ested three days after transfection with soluble hlL-4R-11 and soluble hlL-4R-5 
and tested for inhibition of ■'25|.hiL-4 binding to the human 8 cell line Raji. Supernatants from two of the soluble hlL- 
50 4R-1 1 and one of the soluble hlL-4R.s transfected plates contained 29-149 ng/ml of IL-4R competing activity into the 
medium. In addition, the truncated protein could be detected in 35s-methionine/cysteine-labeled COS cell transfectants 
by affinity purification on hlL-4-coupled Affigel® as approximately a 44 kDa protein by SDS-PAGE. Supernatants COS 
cells transfected with hlL-4R-8 (encoding soluble truncated IL-4R) when concentrated 25-fold, inhibited human IL-4 
binding to Raji cells, and contained approximately 16 ng/ml of competing activity. 

ss 
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Example 13 

Preparation ot monoclonal antibodies to II-4R 

5 Preparations of purified recombinant IL-4 receptor, for example, fiuman or murine IL-4 receptor, transfected COS 

cells expressing high levels of IL-4 receptor or CTLL 1 9.4 cells are employed to generate monoclonal antibodies against 
IL-4 receptor using conventional techniques, such as those disclosed in U.S. Patent 4,411,993. Such antibodies are 
likely to be useful in interlering with IL-4 binding to IL-4 receptors, for example, in ameliorating toxic or other undesired 
effects of IL-4. 

10 To immunize rats, IL-4 receptor bearing CTLL 1 9.4 cells were used as immunogen emulsified in complete Freund's 

adjuvant and injected in amounts ranging from 10-100 jil subcutaneously into Lewis rats. Three weeks later, the im- 
munized animals were boosted with additional immunogen emulsified in incomplete Freund's adjuvant and boosted 
every three weeks thereafter. Serum sample are periodically taken by retro-orbital bleeding or tail-tip excision for testing 
by dot-blot assay, ELISA (enzyme-linked immunosorbent assay), or inhibition of binding of 125|.|l.4 to extracts of CTLL 

IS cells (as described in Example 1). Other assay procedures are also suitable. Following detection of an appropriate 
antibody titer, positive animals were given a final intravenous injection o1 antigen in saline. Three to four days later, 
the animals were sacrificed, splenocytes harvested, and fused to the murine myeloma cell line AG8653. Hybridoma 
cell lines generated by this procedure were plated in multiple microliter plates in a HAT selective medium (hypoxanthine, 
aminopterin, and thymidine) to inhibit proliferation of non-fused cells, myeloma hybrids, and spleen cell hybrids. 

20 Hybridoma clones thus generated were screened for reactivity with IL-4 receptor. Initial screening of hybridoma 

supematants utilized an antibody capture and binding of partially purified i25|.miL.4 receptor. Two of over 400 hybrid- 
omas screened were positive by this method. These two monoclonal antibodies, W and M2, were tested by a modified 
antibody capture to detect blocking antibody. Only Ml was able to inhibit i2S|.rmlL-4 binding to intact CTLL cells. Both 
antibodies are capable of immunoprecipitating native mlL-4R protein from CTLL cells or COS-7 cells transfected with 

25 IL-4R clones labelled with 35s-cysteine/methionine. Ml and M2 were then injected into the peritoneal cavities of nude 
mice to produce ascites containing high concentrations (>1 mg/ml) of anti-IL-4R monoclonal antibody. The resulting 
monoclonal antibody was purified by ammonium sulfate precipitation followed by gel exclusion chromatography and/ 
or affinity chromatography based on binding of antibody to Protein G. 

30 Example 14 

Use of soluble IL-4R to suppress immune response in vivo 

Experiments were conducted to determine the effect of soluble IL-4R on allogeneic host versus graft (HVG) re- 
35 sponse in vivo using a popliteal lymph node assay. In this model mice are injected in the footpad with irradiated, 
allogeneic spleen cells. Irradiated, syngeneic cells are then injected into the contralateral pad. An alloreactive response 
occurs in the pad receiving the allogenec cells, the extent of which can be measured by the relative increase in size 
and weight of the popliteal lymph node draining the site of antigen deposition. 

On day 0 three BALB/C mice were injected in the footpad with irradiated, allogeneic spleen cells from c57BU6 
40 mice and in the contralateral footpad with irradiated, syngeneic spleen cells. On days -1,0 and +1 three mice were 
injected (intraveneously on days -1 and 0, and subcutaneously on day +1) with 100 ng of purified soluble IL-4R (sIL- 
4R) in phosphate buffered saline, three mice were injected intraveneously with 1ng of slL-4R, three mice were injected 
with 2ng of slL-4R and three mice were injected with MSA (control). The mean difference in weight of the lymph nodes 
from the sites of allogenek; and syngeneic spleen cells was approximately 2.5 mg for the mce treated with MSA, 1 mg 
45 for the mice treated with 100 ng of slL-4R, and 0.5 mg for mice treated with lug slL-4R. No detectable difference in 
weight of lymph nodes was ascertainable for the mice treated with 2\ig slL-4R. Thus, IL-4R significantly (p < 0.5 in all 
groups, using a two-tailed T test) suppressed the in vivo lymphoproliferative response in a dose dependent fashion 
relative to control mice. 
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Claims 



Claims for the following Contracting States : AT, BE, CH, LI, DE, PR, GB, IT, LU, NL, SE 

55 

1. An isolated DNA sequence encoding a polypeptide capable of binding mammalian IL-4, wherein said DNA 
quence is selected from the group consisting of: 
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(a) cDNA clones comprising a nucleotide sequence selected from the sequence presented as nucleotides -75 
to 2355 o1 Figures 2A-2C, nucleotides 1 to 2355 of Figures 2A-2C, nucleotides -75 to 2400 of Figures 4A-4C, 
and nucleotides 1 to 2400 of Figures 4A-4C; 

(b) DNA sequences capable of hybridisation to a cDNA of (a) under moderately stringent conditions, and which 
encode a polypeptide capable of binding mammalian IL-4; and 

(c) DNA sequences that are degenerate as a result of the genetic code to a DNA sequence defined in (a) or 
(b), and which encode a polypeptide capable of binding mammalian IL-4. 

2. A DNA sequence according to claim 1, wherein said DNA sequence comprises a nucleotide sequence selected 
from the group consisting of nucleotides -75 to 2355 of Figures 2A-2C, nucleotides 1 to 2355 of Figures 2A-2C, 
nucleotides -75 to 2400 of Figures 4A-4C, and nucleotides 1 to 2400 of Figures 4A-4C. 

3. A DNA sequence according to claim 1 , wherein said DNA sequence comprises a nucleotide sequence selected 
from the group consisting of nucleotides -75 to 621 of Figure 4A, and nucleotides 1 to 621 of Figure 4A. 

4. A DNA sequence according to claim 1 , which encodes an amino acid sequence that is greater than 80% similar 
to an amino acid sequence selected from residues -25 to 800, 1 to 800, -25 to 207, or 1 to 207, depicted in Figures 
4A-4C. 

5. A DNA sequence according to claim 4, which encodes a soluble receptor capable of binding human IL-4 and 
comprising an amino acid sequence consisting essentially of amino acid residues -25 to 207 or 1 to 207 depicted 
in Figure 4A. 

6. A DNA sequence according to claim 1, which encodes an amino acid sequence consisting essentially of amino 
acid residues -25 to 800 or 1 to 800 depicted in Figures 4A-4C. 

7. A DNA sequence according to claim 1 , which encodes an IL-4 receptor polypeptide comprising an amino acid 
sequence selected from the sequence of amino acid residues 1 to 800 depicted in Figures 4A-4C, 1 to 207 depicted 
in Figure 4A, 1 to 785 depicted in Figures 2A-2C, 1 to 208 depicted in Figure 2A, or analogs thereof having a 
biological activity of a mammalian IL-4 receptor. 

8. An isolated DNA sequence which is: 

a) a fragment of the nucleotide sequence presented as nucleotides 1 to 2355 of Figures 2A-2C; and 

b) a fragment of the nucleotide sequence presented as nucleotides 1 to 2400 of Figures 4A-4C; 

wherein said fragment encodes a polypeptide that possesses a biological activity of a mammalian IL-4 receptor. 

9. An isolated DNA sequence which is: 

a) a DNA fragment containing at least about 60 consecutive nucleotides of the sequence presented as nucle- 
otides 1 to 2355 of Figures 2A-2C; or 

b) a DNA fragment containing at least about 60 consecutive nucleotides of the sequence presented as nucle- 
otides 1 to 2400 of Figures 4A-4C. 

10. A recombinant expression vector comprising a DNA sequence according to any of claims 1 to 9. 

11. A process for preparing a polypeptide capable of binding mammalian IL-4, comprising culturing a suitable host 
cell comprising a vector according to claim 10 under conditions promoting expression of said polypeptide. 

12. A process for preparing a polypeptide capable of binding human IL-4, comprising culturing a suitable host cell 
comprising a vector according to claim 10 under conditions promoting expression of said polypeptide. 

1 3. A purified polypeptide capable of binding mammalian IL-4, wherein said polypeptide is encoded by a DNA according 
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to any of claims 1 to 7. 

14. A polypeptide according to claim 13, consisting essentially of murine IL-4 receptor or human IL-4 receptor. 

5 15. A polypeptide according to claim 13, which comprises an amino acid sequence selected from the sequence of 
amino acid residues 1 to 800 depicted in Figures 4A-4C, 1 to 207 depicted in Figure 4A, 1 to 785 depicted in 
Figures 2A-2C, 1 to 208 depicted in Figure 2A, or which is a fragment or analog thereof having a biological activity 
of mammalian IL-4 receptor. 

10 16. A polypeptide according to claim 1 4 which is a human IL-4 receptor in the form of a glycoprotein having a molecular 
weight of between about 110,000 and 150,000 by SDS-PAGE and a binding affinity (K^) for human IL-4 of from 
1-8X109M-1. 

17. A polypeptide according to claim 1 4 which has an N terminal amino acid sequence Met-Lys-Val-Leu-Gln-Glu-Pro- 
is Thr-Cys-Val-Ser-Asp-Tyr-Met-Ser-lle-Ser-Thr-Cys-Glu-Trp. 

18. A polypeptide according to claim 13 wherein the transmembrane region and cytoplasmic domain of the native 
receptor have been deleted. 

20 19. A polypeptide according to claim 1 5, wherein said polypeptide comprises an amino acid sequence that is greater 
than 60% similar to a sequence selected from residues 1-600 depicted in Figures 4A to 4C and residues 1-207 
depicted in Figure 4A. 

20. A polypeptide according to claim 19 which comprises an amino acid sequence consisting essentially of residues 
25 1 -207 depicted in Figure 4A. 

21 . A polypeptide according to claim 1 9 capable of binding human IL-4, wherein said polypeptide comprises an amino 
acid sequence consisting essentially of residues 1-800 depicted in Figures 4A to 4C. 

30 22. A purified polypeptide selected from the group consisting of: 

a) a fragment of the polypeptide having the sequence of amino acids 1 to 785 of Figures 2A-2C; and 

b) a fragment of the polypeptide having the sequence of amino acids 1 to 800 of Figures 4A-4C; 

35 

wherein said fragment possesses a biological activity of the IL-4 receptor. 

23. A purified polypeptide selected from the group consisting of: 

40 a) a polypeptide comprising at least about 20 consecutive residues of the sequence presented as amino acids 

1 to 785 of Figures 2A-2G; and 

b) a polypeptide comprising at least about 20 consecutive residues of the sequence presented as amino acids 
1 to 800 of Figures 4A-4C. 

4S 

24. A pharmaceutical composition for regulating immune responses in a mammal, comprising an effective amount of 
a polypeptide according to any of claims 1 3 to 23 and a suitable diluent or carrier 

25. A composition according to claim 24 having a specific binding activity of at least about 0.01 nanomole IL-4/na- 
50 nomole of said polypeptide. 

26. A composition according to claim 24, wherein said polypeptide binds human IL-4 and is in the form of a glycoprotein 
having a binding affinity (KJ for human IL-4 of about 1-8 x 10^ M-\ and also having the N-terminal amino acid 
sequence Met-Lys-Val-Leu-Gln-Glu-Pro-Thr-Cys-Val-Ser-Asp-Tyr-Met-Ser-lle-Ser-Thr-Cys-Glu-Trp. 

55 

27. A composition according to claim 24, wherein said polypeptide comprises an amino acid sequence consisting 
essentially of amino acids 1 to 207 depicted in Figure 4A. 
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28. The use of a polypeptide according to any of claims 1 3 to 23 in a binding assay for detection of IL-4 or IL-4 receptor 
molecules or the interaction thereof. 

29. A polypeptide according to any of claims f 3 to 23, for use in human or veterinary medicine. 

30. The use of a polypeptide according to any of claims 13 to 23, in the preparation of a medicament for regulating 
immune responses in a mammal. 

31 . The use of claim 30, wherein the polypeptide and the mammal to be treated are human. 

32. Antibodies that are immunoreactive with a polypeptide according to any of claims 1 3 to 23. 

33. A antibody according to claim 32, wherein said antibody is a monoclonal antibody 

IS 34. A antibody according to claim 33, wherein said monoclonal antibody is immunoreactive with a human IL-4 receptor 
polypeptide. 

35. The use of an antibody according to any of claims 32 to 34 in the preparation of a medicament for ameliorating 
toxic or other undesired effects of IL-4. 

so 

36. A host cell transfected with a vector as claimed in claim 10. 

37. RNA substantially complementary to the DNA as claimed in any of claims 1 to 9. 

25 38. A fusion protein comprising a polypeptide sequence coupled to a polypeptide as claimed in any of claims 1 3 to 23. 

39. A fusion protein according to claim 38 for use in human or veterinary medicine. 

40. The use of a fusion protein according to claim 38 in the preparation of a medicament for regulating an immune 
30 response in a mammal. 

41. The use of a fusion protein according to claim 40 wherein the fusion protein comprises a polypeptide sequence 
capable of binding human IL-4 and wherein the mammal is a human. 

3S 

Claims for the following Contracting State : ES 

1 . A process comprising the step of isolating a DNA sequence encoding a polypeptide capable of binding mammalian 
IL-4, wherein said DNA sequence is selected from the group consisting of: 

40 

(a) cDNA clones comprising a nucleotide sequence selected from the sequence presented as nucleotides -75 
to 2355 of Figures 2A-2C, nucleotides 1 to 2355 of Figures 2A-2C, nucleotides -75 to 2400 of Figures 4A-4C, 
and nucleotides 1 to 2400 of Figures 4A-4C; 

4S (b) DNA sequences capable of hybridisation to a cDNA of (a) under moderately stringent conditions, and which 

encode a polypeptide capable of binding mammalian IL-4; and 

(c) DNA sequences that are degenerate as a result of the genetic code to a DNA sequence defined in (a) or 

(b) , and which encode a polypeptide capable of binding mammalian IL-4. 

50 

2. A process according to claim 1 . wherein said DNA sequence comprises a nucleotide sequence selected from the 
group consisting of nucleotides -75 to 2355 of Figures 2A-2C, nucleotides 1 to 2355 of Figures 2A-2C, nucleotides 
-75 to 2400 of Figures 4A-4C. and nucleotides 1 to 2400 of Figures 4A-4C. 

ss 3. A process according to claim 1 , wherein said DNA sequence comprises a nucleotide sequence selected from the 
group consisting of nucleotides -75 to 621 of Figure 4A, and nucleotides 1 to 621 of Figure 4A. 

4. A process according to claim 1 , wherein said DNA sequence encodes an amino acid sequence that is greater than 
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80% similar to an amino acid sequence selected from residues -25 to 800, 1 to 800, -25 to 207, or 1 to 207, depicted 
in Figures 4A-4C. 

5. A process according to claim 4, wherein said DN A sequence encodes a sol ubie receptor capable of binding liuman 
IL-4 and comprising an amino acid sequence consisting essentially of amino acid residues -25 to 207 or 1 to 207 
depicted in Figure 4A. 

6. A process according to claim 1 , wherein said DNA sequence encodes an amino acid sequence consisting essen- 
tially of amino acid residues -25 to 800 or 1 to 800 depicted in Figures 4A-4C. 

7. A process according to claim 1 , wherein said DNA sequence encodes an I L-4 receptor polypeptide comprising an 
amino acid sequence selected from the sequence of amino acid residues 1 to 800 depicted in Figures 4A-4C, 1 
to 207 depicted in Figure 4A, 1 to 785 depicted in Figures 2A-2C, 1 to 208 depicted in Figure 2A. or an analog 
thereof having a biological activity of a mammalian IL-4 receptor. 



8. A process comprising isolating a DNA sequence wherein the DNA sequence is: 

a) a fragment of the nucleotide sequence presented as nucleotides 1 to 2355 of Figures 2A-2C; and 
20 b) a fragment of the nucleotide sequence presented as nucleotides 1 to 2400 of Figures 4A-4C; 

wherein said fragment encodes a polypeptide that possesses a biological activity of a mammalian IL-4 receptor 

9. A process comprising isolating a DNA sequence, wherein the DNA sequence is: 

25 

a) a DNA fragment containing at least about 60 consecutive nucleotides of the sequence presented as nucle- 
otides 1 to 2355 of Figures 2A-2C; or 

b) a DNA fragment containing at least about 60 consecutive nucleotides of the sequence presented as nucle- 
30 otides 1 to 2400 of Figures 4A-4C. 

10. A process comprising forming a recombinant expression vector comprising a DNA sequence as described in any 
of claims 1 to 9. 

ss 11. A process for preparing a polypeptide capable of binding mammalian lL-4, comprising culturing a suitable host 
cell comprising a vector as described in claim 1 0 under conditions promoting expression of said polypeptide. 

12. A process for preparing a polypeptide capable of binding human IL-4, comprising culturing a suitable host cell 
comprising a vector as described in claim 10 under conditions promoting expression of said polypeptide. 

40 

13. A process comprising purifying a polypeptide capable of binding mammalian IL-4, wherein said polypeptide is 
encoded by a DNA sequence as described in any of claims 1 to 7. 

14. A process according to claim 1 3, wherein said polypeptide consists essentially of murine IL-4 receptor or human 
45 IL-4 receptor 

15. A process according to claim 13, wherein said polypeptide comprises an amino acid sequence selected from the 
sequence of amino acid residues 1 to 800 depicted in Figures 4A-iC, 1 to 207 depicted in Figure 4A, 1 to 785 
depicted in Figures 2A-2C, 1 to 208 depicted in Figure 2A, or is a fragment or analog thereof having a biological 

so activity of mammalian IL-4 receptor 

16. A process according to claim 1 4 wherein said polypeptide is a human IL-4 receptor in the form of a glycoprotein 
having a molecular weight of between about 110,000 and 1 50,000 by SDS-PAGE and a binding affinity (K^) for 
human IL-4 of from 1 -8 x lO^M-V 



£5 



17. A process according to claim 14 wherein said polypeptide has an N terminal amino acid sequence Met-Lys-Val- 
Leu-Gln-Glu-Pro-Thr-Cys-Val-Ser-Asp-Tyr-Met-Ser-lle-Ser-Thr-Cys-Glu-Trp. 
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18. A prcxjess according to claim 1 3 wherein said polypeptide does not have the transnriembrane region and cytoplas- 
mic domain of the native receptor. 

19. A process according to claim 15, wherein said polypeptide comprises an amino acid sequence that is greater than 
5 80% similar to a sequence selected from residues 1 -800 depicted in Figures 4A to 4C and residues 1 -207 depicted 

in Figure 4A. 

20. A process according to claim 1 9 wherein said polypeptide comprises an amino acid sequence consisting essentially 
of residues 1-207 depicted in Figure 4A. 

10 

21. A process according to claim 19 wherein said polypeptide is capable of binding human IL-4, and comprises an 
amino acid sequence consisting essentially of residues 1-800 depicted in Figures 4A to 4C. 

22. A process comprising purifying a polypeptide selected from the group consisting of: 

15 

a) a fragment of the polypeptide having the sequence of amino acids 1 to 785 of Figures 2A-2C; and 

b) a fragment of the polypeptide having.the sequence of amino acids 1 to 800 of Figures 4A-4C; 
20 wherein said fragment possesses a biological activity of the IL-4 receptor 

23. A process comprising purifying a polypeptide wherein the polypeptide is selected from the group consisting of: 

a) a polypeptide comprising at least about 20 consecutive residues of the sequence presented as amino acids 
25 1 to 785 of Figures 2A-2C; and 

b) a polypeptide comprising at least about 20 consecutive residues of the sequence presented as amino acids 
1 to 800 of Figures 4A-4C. 

30 24. A process comprising forming a pharmaceutical composition for regulating immune responses in a mammal, com- 
prising an effective amount of a polypeptide as described in any of claims 1 3 to 23 and a suitable diluent or carrier 

25. A process according to claim 24, wherein there is a specific binding activity of at least about 0.01 nanomole IL- 
4/nanomole of said polypeptide. 

3S 

26. A process according to claim 24, wherein said polypeptide binds human IL-4 and is in the form of a glycoprotein 
having a binding affinity (KJ for human IL-4 of about 1-8 x 10^ M-\ and also having the N-terminal amino acid 
sequence [»/let-Lys-Val-Leu-Gln-Glu-Pro-Thr-Cys-Val-Ser-Asp-Tyr-lylet-Ser-lle-Ser-Thr-Cys-Glu-Trp. 

40 27. A process according to claim 24, wherein said polypeptide comprises an amino acid sequence consisting essen- 
tially of amino acids 1 to 207 depicted in Figure 4A. 

28. The use of a polypeptide as described in any of claims 13 to 23 in a binding assay for detection of IL-4 or IL-4 
receptor molecules or the interaction thereof. 

45 

29. A polypeptide as described in any of claims 13 to 23, for use in human or veterinary medicine. 

30. The use of a polypeptide as described in any of claims 1 3 to 23, in ttie preparation of a medicament for regulating 
immune responses in a mammal. 

50 

31. The use of claim 30, wherein the polypeptide and the mammal to be treated are human. 

32. A process comprising providing antibodies that are immunoreactive with a polypeptide according to any of claims 
13 to 23. 

55 

33. A process according to claim 32, wherein said antibodies are monoclonal antibodies. 

34. A process according to claim 33, wherein said monoclonal antibodies are immunoreactive with a human IL-4 re- 
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ceptor polypeptide. 

35. The use of an antibody as described in any of ciaims 32 to 34 in the preparation of a medicament for ameliorating 
toxic or other undesired effects of IL-4. 

5 

36. A host cell transfected with a vector as described in claim 10. 

37. A process comprising providing RNA substantially complementary to the DNA as described in any of claims 1 to 9. 

10 38. A process comprising providing a fusion protein comprising a polypeptide sequence coupled to a polypeptide as 
described in any of claims 1 3 to 23. 

39. A fusion protein as described in claim 38 for use in human or veterinary medicine. 

IS 40. The use of a fusion protein as described in claim 38 in the preparation of a medicament for regulating an immune 
response in a mammal. 

41 . The use of a fusion protein as described in claim 40 wherein the fusion protein comprises a polypeptide sequence 
capable of binding human IL-4 and wherein the mammal is a human. 

20 

Claims for the following Contracting State : GR 

1. An isolated DNA sequence encoding a polypeptide capable of binding mammalian IL-4, wherein said DNA se- 
25 quence is selected from the group consisting of: 

(a) cDNA clones comprising a nucleotide sequence selected from the sequence presented as nucleotides -75 
to 2355 of Figures 2A-2C, nucleotides 1 to 2355 of Figures 2A-2C, nucleotides -75 to 2400 of Figures 4A-4C, 
and nucleotides 1 to 2400 of Figures 4A-4C; 

30 

(b) DNA sequences capable of hybridisation to a cDNA of (a) under moderately stringent conditions, and which 
encode a polypeptide capable of binding mammalian IL-4: and 

(c) DNA sequences that are degenerate as a result of the genetic code to a DNA sequence defined in (a) or 
35 (b), and which encode a polypeptide capable of binding mammalian IL-4. 

2. A DNA sequence according to claim 1 , wherein said DNA sequence comprises a nucleotide sequence selected 
from the group consisting of nucleotides -75 to 2355 of Figures 2A-2C, nucleotides 1 to 2355 of Figures 2A-2C, 
nucleotides -75 to 2400 of Figures 4A-4C, and nucleotides 1 to 2400 of Figures 4A-4C. 

40 

3. A DNA sequence according to claim 1 , wherein said DNA sequence comprises a nucleotide sequence selected 
from the group consisting of nucleotides -75 to 621 of Figure 4A, and nucleotides 1 to 621 of Figure 4A. 

4. A DNA sequence according to claim 1 , which encodes an amino acid sequence that is greater than 80% similar 
45 to an amino acid sequence selected from residues -25 to 800, 1 to 800, -25 to 207, or 1 to 207, depicted in Figures 

4A-4C. 

5. A DNA sequence according to claim 4, which encodes a soluble receptor capable of binding human IL-4 and 
comprising an amino acid sequence consisting essentially of amino acid residues -25 to 207 or 1 to 207 depicted 

50 In Figure 4A. 

6. A DNA sequence according to claim 1 , which encodes an amino acid sequence consisting essentially of amino 
acid residues -25 to 800 or 1 to 800 depicted in Figures 4A-4C. 

55 7. A DNA sequence according to claim 1 , which encodes an IL-4 receptor polypeptide comprising an amino acid 
sequence selected from the sequence of amino acid residues 1 to 800 depicted in Figures 4A-4C, 1 to 207 depicted 
in Figure 4A, 1 to 785 depicted in Figures 2A-2C, 1 to 208 depicted in Figure 2A, or anatogs thereof having a 
biological activity of a mammalian IL-4 receptor. 
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8. An isolated DNA sequenco which is: 

a) a fragment of the nucleotide sequence presented as nucleotides 1 to 2355 of Figures 2A-2C: and 
5 b) a fragment of the nucleotide sequence presented as nucleotides 1 to 2400 of Figures 4A-4C; 

wherein said fragment encodes a polypeptide that possesses a biological activity of a mammalian IL-4 receptor. 
An isolated DNA sequence which is: 

a) a DNA fragment containing at least about 60 consecutive nucleotides of the sequence presented as nucle- 
otides 1 to 2355 of Figures 2A-2C; or 

b) a DNA fragment containing at least about 60 consecutive nucleotides of the sequence presented as nucle- 
otides 1 to 2400 of Figures 4A-4C. 

A recombinant expression vector comprising a DNA sequence according to any of claims 1 to 9. 

A process for preparing a polypeptide capable of binding mammalian IL-4, comprising culturing a suitable host 
cell comprising a vector according to claim 10 under conditions promoting expression of said polypeptide. 

A process for preparing a polypeptide capable of binding human IL-4, comprising culturing a suitable host cell 
comprising a vector according to claim 10 under conditions promoting expression of said polypeptide. 

A process comprising purifying a polypeptide capable of binding mammalian IL-4, wherein said polypeptide is 
encoded by a DNA according to any of claims 1 to 7. 

A process according to claim 1 3, wherein said polypeptide consists essentially of murine IL-4 receptor or human 
IL-4 receptor. 

A process according to claim 1 3, wherein said polypeptide comprises an amino acid sequence selected from the 
sequence of amino acid residues 1 to 800 depicted in Figures 4A-4C, 1 to 207 depicted in Figure 4A, 1 to 785 
depicted in Figures 2A-2C, 1 to 208 depicted in Figure 2A, or is a fragment or analog thereof having a biological 
activity of mammalian IL-4 receptor. 

A process according to claim 14 wherein said polypeptide is a human IL-4 receptor in the form of a glycoprotein 
having a molecular weight of between about 110,000 and 1 50,000 IVI^ by SDS-PAGE and a binding affinity (Ka) for 
human IL-4 of from 1-8x lO^I^-^ 

40 17. A process according to claim 14 wherein said polypeptide has an N terminal amino acid sequence Met-Lys-Val- 
Leu-Gln-Glu-Pro-Thr-Cys-Val-Ser-Asp-Tyr-Met-Ser-lle-Ser-Thr-Cys-Glu-Trp. 

18. A process according to claim 1 3 wherein the transmembrane region and cytoplasmic domain of the native receptor 
are not present in said polypeptide. 

4S 

19. A process according to claim 1 5, wherein said polypeptide comprises an amino acid sequence that is greater than 
80% similar to a sequence selected from residues 1 -800 depicted in Figures 4A to 4C and residues 1 -207 depicted 
in Figure 4A. 

50 20. A process according to claim 1 9 wherein said polypeptide comprises an amino acid sequence consisting essentially 
of residues 1-207 depicted in Figure 4A. 

21. A process according to claim 19 wherein said polypeptide is capable of binding human IL-4 and comprises an 
amino acid sequence consisting essentially of residues 1-800 depicted in Figures 4A to 4C. 

ss 

22. A process comprising purifying a polypeptide selected from the group consisting of: 

a) a fragment of the polypeptide having the sequence of amino acids 1 to 785 of Figures 2A-2C; and 
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b) a fragment of the polypeptide having the sequence of annino acids 1 to 800 of Figures 4A-4C; 
wherein said fragment possesses a biological activity of the IL-4 receptor. 

23. A process comprising purifying a polypeptide selected from the group consisting of: 

a) a polypeptide comprising at least about 20 consecutive residues of the sequence presented as amino acids 
1 to 785 of Figures 2A-2C; and 

b) a polypeptide comprising at least about 20 consecutive residues of the sequence presented as amino acids 
1 to 800 of Figures 4A-4C. 

24. A process comprising forming a pharmaceutical composition for regulating immune responses in a mammal, com- 
prising an effective amount of a polypeptide as described in any of claims 1 3 to 23 and a suitable diluent or carrier. 

25. A process according to claim 24 wherein there is a specific binding activity of at least about 0.01 nanomole IL- 
4/nanomole of said polypeptide. ■ 

26. A process according to claim 24, wherein said polypeptide binds human IL-4 and is in the form of a glycoprotein 
having a binding affinity (K^) for human IL-4 of about 1-8 x lO^ M-\ and also having the N-terminal amino acid 
sequence Met-Lys-Val-Leu-Gln-Glu-Pro-Thr-Cys-\fel-Ser-Asp-Tyr-lVlet-Ser-lle-Ser-Thr-Cys-Glu-Trp. 

27. A process according to claim 24, wherein said polypeptide comprises an amino acid sequence consisting essen- 
tially of amino acids 1 to 207 depicted in Figure 4A. 

28. The use of a polypeptide as described in any of claims 13 to 23 in a binding assay for detection of IL-4 or IL-4 
receptor molecules or the interaction thereof. 

29. A polypeptide as described in any of claims 1 3 to 23, for use in human or veterinary medicine. 

30. The use of a polypeptide as described in any of claims 1 3 to 23, in the preparation of a medicament tor regulating 
immune responses in a mammal. 

31. The use of claim 30, wherein the polypeptide and the mammal to be treated are human. 

32. A process comprising providing antibodies that are immunoreactive with a polypeptide as described in any of 
claims 13 to 23. 

33. A process according to claim 32, wherein said antibodies are monoclonal antibodies. 

34. A process according to claim 33, wherein said monoclonal antibodies are immunoreactive with a human IL-4 re- 
ceptor polypeptide. 

35. The use of antibodies as described in any of claims 32 to 34 in the preparation of a medicament for ameliorating 
toxic or other undesired effects of IL-4. 

36. A host cell transfected with a vector as described in claim 10. 

37. A process comprising providing RNA substantially complementary to the DNA as described in any of claims 1 to 9. 

38. A process comprising providing a fusion protein comprising a polypeptide sequence coupled to a polypeptide as 
described in any of claims 1 3 to 23. 

39. A fusion protein as described in claim 38 for use in human or veterinary medicine. 

40. The use of a fusion protein as described in claim 38 in the preparation of a medicament for regulating an immune 
response in a mammal. 
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41. The use of a fusion protein as described in claim 40 wherein the fusion protein comprises a polypeptide sequence 
capable of binding human IL-4 and wherein the mammal is a human. 



5 Patentanspruche 

Patentanspruche fur folgende Vertragsstaaten : AT, BE, CH, LI, DE, FR, GB, IT, LU, NL, SE 

10 1. Isolierte DNA-Sequenz, die fur ein Polypeptid kodiert, das fahig ist, Sauger IL-4 zu binden, wobei die DNA-Sequenz 
aus der Gruppe ausgewahit ist, bestehend aus: 

(a) cDNA-Klonen, die eine Nucleotid-Sequenz enthalten, ausgewahit aus der Sequenz, dargestellt als Nu- 
cleotide -75 bis 2355 der Fig. 2A-2C, Nucleotide 1 bis 2355 der Fig. 2A-2C, Nucleotide -75 bis 2400 der Fig. 

15 4A-4C und Nucleotide 1 bis 2400 der Fig. 4A-4C; 

(b) DNA-Sequenzen, die fahig sind, mit einer cDNA-von (a) unter moderat stringenten Bedingungen zu hybri- 
disieren und die fur ein Polypeptid kodieren, das fahig ist, Sauger IL-4 zu binden; und 

20 (c) DNA-Sequenzen, die als Ergebnis des genetischen Codes zu einer DNA-Sequenz degeneriert sind, wie 

definiert in (a) Oder (b), und die fOr ein Polypeptid kodieren, das fahig ist, Sauger IL-4 zu binden. 

DNA-Sequenz gemaB Anspruch 1 , wobei die DNA-Sequenz eine Nucleotid-Sequenz enthalt, die ausgewahit ist 
aus der Gruppe, bestehend aus den Nucleotiden -75 bis 2355 der Fig. 2A-2C, den Nucleotiden 1 bis 2355 der Fig. 
2A-2C, den Nucleotiden -75 bis 2400 der Fig. 4A-4C und den Nucleotiden 1 bis 2400 der Fig. 4A-4C, 

DNA-Sequenz gemaO Anspruch 1 , wobei die DNA-Sequenz eine Nucleotid-Sequenz enthalt, die ausgewahit ist 
aus der G ruppe, bestehend aus den Nucleotiden -75 bis 621 der Fig. 4A, und den Nucleotiden 1 bis 621 der Fig. 4A. 

DNA-Sequenz gemaB Anspruch 1 , die fur eine Aminosaure-Sequenz kodiert, die eine mehr als 80%ige Ahnlichkeit 
zu einer Aminosaure-Sequenz aufweist, die ausgewahit ist aus den Resten -25 bis 800, 1 bis 800, -25 bis 207 
Oder 1 bis 207, wie dargestellt in den Fig. 4A-4C. 

DNA-Sequenz gemaB Anspruch 4, die fur einen loslichen Rezeptor kodiert, der fahig ist, menschliches IL-4 zu 
binden und eine Aminosaure-Sequenz enthalt, die im wesentlichen aus den Aminosaureresten -25 bis 207 oder 
1 bis 207 besteht, wie dargestellt in Fig. 4A. 

DNA-Sequenz gemaG Anspruch 1, die fur eine Aminosaure-Sequenz kodiert, die im wesentlichen aus den Ami- 
nosaureresten -25 bis 800 Oder 1 bis 800 besteht, wie dargestellt in den Fig. 4A-4C. 

DNA-Sequenz gema(3 Anspruch 1, die fur ein IL-4 Rezeptorpolypeptid kodiert, das eine Aminosaure-Sequenz 
enthalt, die ausgewahit ist aus der Sequenz der Aminosaurereste 1 bis 800, wie dargestellt in den Fig. 4A-4C, 1 
bis 207, wie dargestellt in Fig. 4A, 1 bis 785, wie dargestellt in den Fig. 2A-2C, 1 bis 208, wie dargestellt in Fig. 
2A Oder Anatogen davon mit einer biologischen Aktivitat eines Sauger IL-4 Rezeptors. 

Isolierte DNA-Sequenz, die: 

a) ein Fragment der Nucleotid-Sequenz, dargestellt als Nucleotkle 1 bis 2355 der Fig. 2A-2C, ist; und 

b) ein Fragment der Nucleotid-Sequenz, dargestellt als Nucleotide 1 bis 2400 der Fig. 4A-4C ist; 

wobei das Fragment fur eine Polypeptid kodiert, das eine biologische Aktivitat eines Sauger IL-4 Rezeptors auf- 
weist. 

Isolierte DNA-Sequenz, die 

a) ein DNA-Fragment ist, das mindestens ungefahr 60 aufeinandertolgende Nucleotide der Sequenz enthalt, 
dargestellt als Nucleotide 1 bis 2355 der Fig. 2A-2C; oder 
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b) ein DNA-Fragment ist, das mindestens ungefahr 60 aufeinandertolgende Nucleotide der Sequenz enthalt, 
dargestellt als Nucleotide 1 bis 2400 der Fig. 4A-4C. 

10. Rel^ombinanter Expressionsvektor, der eine DNA-Sequenz gemaB einem Oder mehreren der AnsprOche 1 bis 9 
entlialt. 

11. Verfahren fur die Herstellung eines Polypeptids, das fahig ist, Sauger IL-4 zu birnden, das den Schritt der Kultivie- 
rung einer geelgneten Wirtszelle enthalt, die einen Vektor gemaU Anspruch 10 enthalt unter Bedingungen, die die 
Expression des Polypeptids unterstOtzen. 

12. Verlahren tur die Herstellung eines Polypeptids, das fahig ist, menschliches IL-4 zu binden, das den Schritt der 
Kultivierung einer geelgneten Wirtszelle enthalt, die eInen Vektor gemaB Anspruch 10 enthalt unter Bedingungen, 
die die Expression des Polypeptids unterstOtzen. 

13. Gereinigtes Polypeptid, das fahig ist zur Bindung von Sauger IL-4, wobei das Polypeptid durch eine DNA gemaB 
einem oder mehreren der AnsprOche 1 bis 7 kodiert wird. 

14. Polypeptid gemaB Anspruch 1 3, das im wesentlichen aus murinem IL-4 Rezeptor oder menschlichem IL-4 Rezep- 
tor besteht. 

15. Polypeptid gemaB Anspruch 13, das eine Aminosaure-Sequenz enthalt, die ausgewahit ist aus der Sequenz der 
Aminosaurereste 1 bis 800, wie dargestellt in Fig. 4A-4C, 1 bis 207, wie dargestellt in Fig. 4A, 1 bis 785, wie 
dargestellt in den Fig. 2A-2C, 1 bis 208, wie dargestellt in Fig. 2A oder das ein Fragment oder ein Analog davon 
ist mit einer biologischen Aktivitat des Sauger IL-4 Rezeptors. 

16. Polypeptid gemaB Anspruch 14, das ein menschlicher IL-4 Rezeptor in Form eines Glycoproteins mit einem Mo- 
lekulargewicht von zwischen ungefahr 1 1 0.000 und 1 50.000 durch SDS-PAGE ist und einer Bindungsaffinitat 
(Ka) fur menschliches IL-4 von 1-8x109|^-V 

17. Polypeptid gemaO Anspruch 14, das eine N-terminale Aminosaure-Sequenz Met-Lys-Val-Leu-Gln-Glu-Pro-Thr- 
Cys-Val-Ser-Asp-Tyr-Met-Ser-lle-Ser-Thr-Cys-Glu-Trp aufweist. 

18. Polypeptid gemaB Anspruch 13. wobei die transmembrane Region und die Cytoplasmadomane des nativen Re- 
zeptors deletiert wurden. 

19. Polypeptid gemaB Anspruch 15, wobei das Polypeptid eine Aminosaure-Sequenz enthalt, die eine mehrals 80%ige 
Ahnlichkeit mit einer Sequenz aufweist, die aus den Resten 1 bis 800, wie dargestellt in den Fig. 4A-4C und den 
Resten 1 bis 207, wie dargestellt in Fig. 4A ausgewahit Ist. 

20. Polypeptid gemaB Anspruch 19, das eine Aminosaure-Sequenz aufweist, die im wesentlichen aus den Resten 1 
bis 207, wie dargestellt in Fig. 4A, besteht. 

21. Polypeptid gemaB Anspruch 19, das fahig ist zur Bindung von menschlichem IL-4, wobei das Polypeptid eine 
Aminosaure-Sequenz umfaBl, die im wesentlichen aus den Resten 1 bis 800, wie dargestellt in den Fig. 4A-4C, 
besteht. 

22. Gereinigtes Polypeptid, ausgewahit aus der Gruppe, bestehend aus: 

a) einem Fragment des Polypeptids mit der Sequenz der Aminosauren 1 bis 785 der Fig. 2A-2C; und 

b) einem Fragment des Polypeptids mil der Aminosaure-Sequenz 1 bis 800 der Fig. 4A-4C; 
wobei das Fragment eine biologische Aktivitat des IL-4 Rezeptors aufweist. 

23. Gereinigtes Polypeptid, ausgewahit aus der Gruppe, bestehend aus: 

a) einem Polypeptid, das mindestens ungefahr 20 aufeinandertolgende Reste der Sequenz aufweist, darge- 
stellt als Aminosauren 1 bis 785 der Fig. 2A-2C; und 
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b) einem Polypeptid, das mindestens ungefahr 20 aufeinanderlolgende Reste der Sequenz enthalt, dargestellt 
als Aminosauren 1 bis 800 der Fig. 4A-4C. 

24. Pharmazeutische Zusammensetzung fur die Regulierung der Immunantworten in einem Saugetler, die eine wirl<- 
5 same Mange eines Polypeptids gemaB einem Oder mehreren der Anspruche 1 3 bis 23 enthalt und ein geeignetes 

Verdunnungsmittel Oder einen Trager enthalt. 

25. Zusammensetzung gemalJ Anspruch 24, mit einer spezifischen Bindungsaktivitat von mindestens ungefahr 0,01 
Nanomol IL-4/Nanomol des Polypeptids. 

10 

26. Zusammensetzung gemaH Anspruch 24, wobei das Polypeptid menschliches IL-4 bindet und in Form eines Gly- 
coproteins mit einer Bindungsaffinitat (KJ fur menschliches IL-4 von ungefahr 1-8 x lO^ M-1 vorliegt und die N- 
terminale Aminosaure-Sequenz Met-Lys-Val-Leu-Gln-Glu-Pro-Thr-Cys-Val-Ser-Asp-Tyr-Mel-Ser-lle-Ser-Thr- 
Cys-Glu-Trp aufweist. 

15 

27. Zusammensetzung gemalJ Anspruch 24, wobei das Polypeptid eine Aminosaure-Sequenz enthalt, die im wesent- 
lichen aus den Aminosauren 1 bis 207, wie dargestellt in Fig. 4A, besteht. 

28. Venwendung eines Polypeptids gemaU einem oder mehreren der Anspruche 13 bis 23 in einem Bindungsassay 
20 fur die Detektion von IL-4 oder IL-4-Rezeptonnolekfllen Oder deren Interaktionen. 

29. Polypeptid gema3 einem Oder mehreren der Anspruche 1 3 bis 23 zur Verwendung in der Human- oder Veterinar- 
medizin. 

25 30. Verwendung eines Polypeptids gemaR einem oder mehreren der Anspruche 1 3 bis 23 fur die Herstellung eines 
Medikaments fur die Regulierung der Immunantworten in einem Sauger 

31. Venwendung gemaB Anspruch 30, wobei das Polypeptid und der zu behandelnde Sauger menschlich sind. 

30 32. Antikorper, die immunreaktiv mit einem Polypeptid gemaQ einem oder mehreren der Anspruche 1 3 bis 23 sind. 

33. Antikorper gemaB Anspruch 32, wobei der Antikorper ein monoklonaler Antikorper ist. 

34. Antikorper gemaB Anspruch 33, worin der monoklonale Antikorper immunreaktiv mit einem menschlichen IL-4 
35 Rezeptorpolypeptid ist. 

35. Venwendung eines Antikorpers gemaB einem oder mehreren der Anspruche 32 bis 34 fur die Herstellung eines 
Medikaments zum Ausgleich von toxischen oderanderen ungewunschten Wirkungen von IL-4. 

40 36. Wirtszelle, die mit einem Vektor gemaB Anspruch 1 0 transfiziert ist. 

37. RNA, die im wesentlichen komplementar zu der DNA gemaB einem oder mehreren der Anspruche 1 bis 9 ist. 

38. Fusionsprotein, das eine Polypeptid-Sequenz enthalt, gekoppelt an ein Polypeptid gemaB einem oder mehreren 
45 der Anspruche 1 3 bis 23. 

39. Fusionsprotein gemaB Anspruch 38, zur Verwendung in Human- oder Veterinarmedizin. 

40. Venwendung eines Fusionsproteins gemaB Anspruch 38 fur die Herstellung eines Medikaments fOr die Regulierung 
50 einer Immunantwort in einem Sauger 

41 . Venwendung eines Fuskjnsproteins gemaB Anspruch 40, wobei das Fusionsprotein eine Polypeptid-Sequenz ent- 
halt, die fahig ist, humanes IL-4 zu binden, wobei der Sauger menschlich ist. 

55 

Patentanspruche fur folgenden Vertragsstaat : ES 

1 . Verlahren, das den Schritt der Isolierung einer DNA-Sequenz enthalt, die f Or ein Polypeptid kodiert, das fahig ist. 
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Sauger IL-4 zu binden. wobei die DNA-Sequenz aus der Gruppe ausgewahit ist, bestehend aus: 

a) cDNA-Klonen, die eine Nucleotid-Sequenz enlhalten, ausgewahit aus der Sequenz, dargestellt als Nucleo- 
tide -75 bis 2355 der Fig. 2A-2C, Nucleotide 1 bis 2355 der Fig. 2A-2C, Nucleotide -75 bis 2400 der Fig. 4A- 
5 4C und Nucleotide 1 bis 2400 der Fig. 4A-4C, 

(b) DNA-Sequenzen, die fahig sind, mit einer cDNA von (a) unter moderat stringenten Bedingungen zu hybri- 
dlsleren und die fur ein Polypeptid kodieren, das fahig ist, Sauger IL-4 zu binden; und 

10 (c) DNA-Sequenzen, die als Ergebnis des genetischen Codes zu einer DNA-Sequenz degenerierl sind, wie 

definiert in (a) Oder (b), und die fur ein Polypeptid kodieren, das fahig ist, Sauger IL-4 zu binden. 

2. Venahren gemaR Anspruch 1 , wobei die DNA-Sequenz eine Nucleotid-Sequenz enthalt, die ausgewahit ist aus 
der Gruppe, bestehend aus den Nucleoliden -75 bis 2355 der Fig. 2A-2C, den Nucleotiden 1 bis 2355 der Fig. 2A- 

»5 2C, den Nucleotiden -75 bis 2400 der Fig. 4A-4C und den Nucleotiden 1 bis 2400 der Fig. 4A-4C. 

3. Verfahren gemaR Anspruch 1 , wobei die DNA-Sequenz eine Nucleotid-Sequenz enthalt, die ausgewahit ist aus 
der Gruppe, bestehend aus den Nucleotiden -75 bis 621 der Fig. 4A, und den Nucleotiden 1 bis 621 der Fig. 4A. 

20 4. Verfahren gemaR Anspruch 1 , wobei die DNA-Sequenz fur eine Aminosaure-Sequenz kodiert, die eine nnehr als 
80%ige Ahnlichkeit zu einer Aminosaure-Sequenz aufweist, die ausgewahit ist aus den Resten -25 bis 800, 1 bis 
800, -25 bis 207 Oder 1 bis 207, wie dargestellt in den Fig. 4A-4C. 

5. Verlahren gemaR Anspruch 4, wobei die DNA-Sequenz fur einen loslichen Rezeptor kodiert, der fahig ist, mensch- 
25 liches IL-4 zu binden und eine Aminosaure-Sequenz enthalt, die im wesentlichen aus den Aminosaureresten - 25 

bis 207 Oder 1 bis 207 besleht, wie dargestellt in Fig. 4A. 

6. Verlahren gemaR Anspruch 1 , wobei die DNA-Sequenz fur eine Aminosaure-Sequenz kodiert, die im wesentlichen 
aus den Aminosaureresten -25 bis 800 Oder 1 bis 800 besteht, wie dargestellt in den Fig. 4A-4C. 

30 

7. Verfahren gemaR Anspruch 1 , wobei die DNA-Sequenz fur ein IL-4 Rezeptorpolypeptid kodiert, das eine Amino- 
saure-Sequenz enthalt, die ausgewahit ist aus der Sequenz der Aminosaurereste 1 bis 800, wie dargestellt in den 
Fig. 4A-4C, 1 bis 207, wie dargestellt in Fig. 4A, 1 bis 785, wie dargestellt in den Fig. 2A-2G, 1 bis 208, wie 
dargestellt in Fig. 2A oder einem Analog davon mit einer biologischen Aktivitat eines Sauger IL-4 Rezeptors. 

35 

8. Verfahren, das den Schritt der Isolierung einer DNA-Sequenz enthalt, wobei die DNA-Sequenz: 

a) ein Fragment der Nucleotid-Sequenz, dargestellt als Nucleotkle 1 bis 2355 der Fig. 2A-2C, ist; und 

40 b) ein Fragment der Nucleotid-Sequenz, dargestellt als Nucleotkle 1 bis 2400 der Fig. 4A-4C ist; 

wobei das Fragment fur eine Polypeptid kodiert, das eine biologische Aktivitat eines Sauger IL-4 Rezeptors auf- 
weist. 

•»s 9. Verfahren, das den Schritt der Isolierung einer DNA-Sequenz enthalt, wobei die DNA-Sequenz: 

a) ein DMA-Fragment ist, das mindestens ungefahr 60 aufeinanderfolgende Nucleotide der Sequenz enthalt, 
dargestellt als Nucleotide 1 bis 2355 der Fig. 2A-2C; oder 

so b) ein DNA-Fragment ist, das mindestens ungefahr 60 aufeinanderfolgende Nucleotide der Sequenz enthalt, 

dargestellt als Nucleotide 1 bis 2400 der Fig. 4A-4C. 

10. Verfahren, das den Schritt enthalt der Bildung eines rekombinanten Expressionsvektors, der eine DNA-Sequenz 
enthalt, wie beschrieben in einem oder mehreren der AnsprOche 1 bis 9. 

ss 

11. Verlahren fur die Herstellung eines Polypeptids, das fahig ist, Sauger IL-4 zu binden, das den Schritt der Kultivie- 
rung einer geeigneten Wirtszelle enthalt, die einen Vektor gemaR Anspruch 10 enthalt unter Bedingungen, die die 
Expression des Polypeptids unterstutzen. 
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12. Verlahren lur die Herstellung eines Polypeptids, das fahig ist, menschliches IL-4 zu binden, das den Schritt der 
Kultivierung einer geeigneten Wirtszelle enthalt, die einen Vektor gemaR Anspruch 10 enthalt unter Bedingungen, 
die die Expression des Polypeptids unterstOtzen. 

s 13. Verlahren, enthaltend den Schritt der Relnigung eInes Polypeptids, das (ahig Ist zur BIndung von Sauger IL-4, 
wobel das Polypeptid durch eine DNA gemaR einem Oder mehreren der Anspruche 1 bis 7 kodiert wird. 

14. Verlahren gemaR Anspruch 1 3, wobel das Polypeptid Im wesentlichen aus murinem IL-4 Rezeptor oder mensch- 
lichem IL-4 Rezeptor besteht. 

10 

15. Verlahren gema3 Anspruch 13, wobel das Polypeptid eine Aminosaure-Sequenz enthalt, die ausgewahit ist aus 
der Sequenz der Aminosaurereste 1 bis 800, wie dargestellt In Fig. 4A-4C, 1 bis 207, wie dargestellt In Fig. 4A, 1 
bis 785, wie dargestellt in den Fig. 2A-2C, 1 bis 208, wie dargestellt in Fig. 2A Oder das ein Fragment Oder ein 
Analog davon ist mit eIner biologischen Aktivitat des Sauger IL-4 Rezeptors. 

IS 

16. Verfahren gemafl Anspruch 14, wobel das Polypeptid ein menschlicher IL-4 Rezeptor In Form eines Glycoproteins 
mIt einem Molekulargewlcht von zwischen ungefahr 110:000 und 150.000 durch SDS-PAGE ist und einer Bln- 
dungsafflnltat (Kg) fur menschllches IL-4 von 1-8x10SM-'. 

20 17. Verlahren gemaU Anspruch 14, wobel das Polypeptid eine N-termlnale Aminosaure-Sequenz Met-Lys-Val-Leu- 
Gln-Glu-Pro-Thr-Cys-Val-Ser-Asp-Tyr-Met-Ser-lle-Ser-Thr-Cys-Glu-Trpaufweist. 

18. Verfahren gemaR Anspruch 13, wobei das Polypeptid nicht die transmembrane Region und die Cytoplasmado- 
mane des nativen Rezeptors aufwelst, 

25 

19. Verfahren gemalB Anspruch 15, wobel das Polypeptid eine Aminosaure-Sequenz aufwelst, die eine mehr als 
80%lge Ahnlichkeit mIt einer Sequenz aufwelst, die aus den Resten 1 bis 800, wie dargestellt in den Fig. 4A-4C 
und den Resten 1 bis 207, wie dargestellt in Fig. 4A ausgewahit isL 

30 20. Verfahren gemaB Anspruch 19, wobei das Polypeptid eine Aminosaure-Sequenz enthalt, die im wesentlichen aus 
den Resten 1 bis 207, wie dargestellt In Fig. 4A. besteht. 

21. Verfahren gemaB Anspruch 19, wobei das Polypeptid fahig zur BIndung von menschllchem IL-4 Ist und eine Ami- 
nosaure-Sequenz enthalt, die Im wesentlichen aus den Resten 1 bis 800, wie dargestellt In den Fig. 4A-4C, besteht. 

35 

22. Verfahren, das den Schritt der Reingigung eines Polypeptids enthalt, ausgewahit aus der Gruppe, bestehend aus: 

a) einem Fragment des Polypeptids mit der Sequenz der Aminosauren 1 bis 785 der Fig. 2A-2C; und 
40 b) einem Fragment des Polypeptids mit der Aminosaure-Sequenz 1 bis 800 der Fig. 4A-4C; 

wobel das Fragment eine blologische Aktivitat des IL-4 Rezeptors aufwelst. 

23. Verfahren, das den Schritt der Relnigung eines Polypeptids enthalt, wobel das Polypeptid ausgewahit ist aus der 
45 Gruppe, bestehend aus: 

a) einem Polypeptid, das mindestens ungefahr 20 aufeinanderfolgende Reste der Sequenz aufwelst, darge- 
stellt als Aminosauren 1 bis 785 der Fig. 2A-2C; und 

50 b) einem Polypeptid, das mindestens ungefahr 20 aufeinanderlolgende Reste der Sequenz enthalt, dargestellt 

als Aminosauren 1 bis 800 der Fig. 4A-4C. 

24. Verfahren, das den Schritt aufwelst, der Blldung einer pharmazeutlschen Zusammensetzung fur die Regullerung 
der Immunantworten in einem Saugetler, die eine wirksame Menge eines Polypeptids gemaB einem oder mehreren 

ss der Anspruche 1 3 bis 23 enthatt und ein geeignetes Verdunnungsmittel oder einen Trager. 

25. Verfahren gemaB Anspruch 24, mit einer spezifischen Bindungsaktivltat von mindestens ungefahr 0,01 Nanomol 
IL-4/Nanomol des Polypeptids. 
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26. Verlahren gemaR Anspruch 24, wobei das Polypeptid menschliches IL-4 bindet und in Form eines Glycoproteins 
mil einer BIndungsaffinitat (KJ fur menschliches IL-4 von ungetahr 1-8 x lO^ M'l vorliegt und die N-terminale 
Aminosaure-Sequenz Met-Lys-Val-Leu-Gln-Glu-Pro-Thr-Cys-Val-Ser-Asp-Tyr-Met-Ser-ile-Ser-Thr-Cys-Glu-Trp 
autweist. 

5 

27. Verlahren gemaB Anspruch 24, wobei das Polypeptid eine Aminosaure-Sequenz enthalt, die im wesentlichen aus 
den Anninosauren 1 bis 207, wie dargestellt in Fig. 4A, besteht. 

28. Verwendung eines Polypeptids gemaU einem oder mehreren der Anspruche 13 bis 23 in einem Bindungsassay 
10 fur die Detektion von IL-4 oder IL-4-RezeptormolekOlen oder deren Interaktionen. 

29. Polypeptid gema(3 einem oder mehreren der Anspruche 1 3 bis 23 zur Verv^endung in der Human- oder Veterinar- 
medizin. 

IS 30. Verwendung eines Polypeptids gemaH einem oder mehreren der Anspruche 13 bis 23 fur die Herstellung eines 
tvledikaments fur die Regulierung der Immunantworten in einem Sauger 

31. Venwendung gemafJ Anspruch 30, wobei das Polypeptid und der zu behandelnde Sauger menschlich sind. 

20 32. Verfahren, das den Schritt enthalt. Antikorper zur Verfugung zu stetlen, die immunreaktiv mit einem Polypeptid 
gema(3 einem oder mehreren der AnsprOche 13 bis 23 sind. 

33. Verfahren gemaO Anspruch 32, wobei die Antikorper monoklonale Antikorper sind. 

2S 34. Verfahren gemal3 Anspruch 33, worin die monoklonalen Antikorper immunreaktiv mit einem menschlichen IL-4 
Rezeptorpolypeptid sind. 

35. Venwendung eines Antikorpers gemalB einem oder mehreren der Anspruche 32 bis 34 fur die Herstellung eines 
Medikaments zum Ausgleich von toxischien oder anderen ungewOnschten Wirkungen von IL-4. 

30 

36. Winszelle, die mit einem Vektor gemaB Anspruch 10 transfiziert tst. 

37. Verfahren, das den Schritt aufweist, RNA zur Verfugung zu stellen, die im wesentlichen komplemenlar zu der DNA, 
wie beschrieben in einem oder mehreren der Anspruche 1 bis 9, ist. 

35 

38. Verfahren, das den Schritt aufweist, ein Fusionsprotein zur Verfugung zu stellen, das eine Polypeptid-Sequenz 
enthalt, die mit einem Polypeptid, wie beschrieben in einem oder mehreren der Anspruche 1 3 bis 23, gekoppelt ist. 

39. Fusionsprotein gemafj Anspruch 38, zur Verwendung in Human- oder Vaterinarmedizin. 

40 

40. Venwendung eines Fusionsproteins gemalJ Anspruch 38 fur die Herstellung eines Medikaments fur die Regulierung 
einer Immunantwort in einem Sauger 

41 . Venwendung eines Fusbnsproteins gema(3 Anspruch 40, wobei das Fusionsprotein eine Polypeptid-Sequenz ent- 
45 halt, die fahig ist, humanes IL-4 zu binden, wobei der Sauger menschlich ist. 

Patentanspriiche fur folgenden Vertrageetaat : GR 

so 1 . isolierte DNA-Sequenz, die fur ein Polypeptid kodiert, das fahig ist, Sauger IL-4 zu binden, wobei die DNA-Sequenz 
aus der Gruppe ausgewahit ist, bestehend aus: 

(a) cDNA-Klonen, die eine Nucleotid-Sequenz enthalten, ausgewahit aus der Sequenz, dargestellt als Nu- 
cleotide -75 bis 2355 der Fig. 2A-2C, Nucleotide 1 bis 2355 der Fig. 2A-2C, NucleotkJe -75 bis 2400 der Fig. 

55 4A-4C und Nucleotide 1 bis 2400 der Fig. 4A-4C; 

(b) DN A-Sequenzen, die fahig sind, mit einer cDNA von (a) unter moderat stringenten Bedingungen zu hybri- 
disieren und die ein Polypeptid kodieren, das fahig ist, Sauger IL-4 zu binden; und 
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(c) DNA-Sequenzen, die als Ergebnis des genelischen Codes zu einer DNA-Sequenz degeneriert sind, wie 
definierl in (a) Oder (b), und die fur ein Polypeptid kodieren, das fahig 1st, Sauger IL-4 zu binden. 

2. DNA-Sequenz gemaB Ansprucli 1 , wobei die DNA-Sequenz eine Nucleotid-Sequenz enthalt, die ausgewatilt ist 
5 aus der Gruppe, bestefiend aus den Nucleotiden -75 bis 2355 der Fig. 2A-2C, den Nucleotiden 1 bis 2355 der Fig. 

2A-2C, den Nucleotiden -75 bis 2400 der Fig. 4A-4C und den Nucleotiden 1 bis 2400 der Fig. 4A-4C. 

3. DNA-Sequenz gemaB Ansprucli 1 , wobei die DNA-Sequenz eine Nucleotid-Sequenz enthalt, die ausgewahit ist 
aus der Gruppe, bestehend aus den Nucleotiden -75 bis 621 der Fig. 4A, und den Nucleotiden 1 bis 621 der Fig. 4A. 

10 

4. DNA-Sequenz gemaO Anspruch 1 , die fur eine Aminosaure-Sequenz kodiert, die eine mehr als 80%ige Ahnlichkeit 
zu einer Aminosaure-Sequenz autweist, die ausgewahit ist aus den Resten -25 bis 800, 1 bis 800, -25 bis 207 
Oder 1 bis 207, wie dargestellt in den Fig. 4A-4C. 

IS 5. DNA-Sequenz gemal? Anspruch 4, die fur einen loslichen Rezeptor kodiert, der fahig ist, menschliches IL-4 zu 
binden und eine Aminosaure-Sequenz enthalt, die im wesentlichen aus den Aminosaureresten -25 bis 207 oder 
1 bis 207 besteht, wie dargestellt in Fig. 4A. 

6. DNA-Sequenz gemaS Anspruch 1 , die fur eine Aminosaure-Sequenz kodiert, die im wesentlichen aus den Ami- 
20 nosaureresten -25 bis 800 Oder 1 bis 800 besteht, wie dargestellt in den Fig. 4A-4C. 

7. DNA-Sequenz gemaB Anspruch 1, die tOr ein IL-4 Rezeptorpolypeptid kodiert, das eine Aminosaure-Sequenz 
enthalt, die ausgewahit ist aus der Sequenz der Aminosaurereste 1 bis 800, wie dargestellt in den Fig. 4A-4C, 1 
bis 207, wie dargestellt in Fig. 4A, 1 bis 785, wie dargestellt in den Fig. 2A-2C, 1 bis 208, wie dargestellt in Fig. 

25 2A Oder Anakjgen davon mit einer biologischen Aktivitat eines Sauger IL-4 Rezeptors. 

8. Isolierte DNA-Sequenz, die: 

a) ein Fragment der Nucleotid-Sequenz, dargestellt als Nucleotide 1 bis 2355 der Fig. 2A-2C, ist; und 

30 

b) ein Fragment der Nucleotid-Sequenz, dargestellt als Nucleotide 1 bis 2400 der Fig. 4A-4C ist; 

wobei das Fragment fur eine Polypeptid kodiert, das eine biologische Aktivitat eines Sauger IL-4 Rezeptors auf- 
weist. 

35 

9.. Isolierte DNA-Sequenz, die 

a) ein DNA-Fragment ist, das mindestens ungefahr 60 aufeinanderfolgende Nucleotide der Sequenz enthalt, 
dargestellt als Nucleotide 1 bis 2355 der Fig. 2A-2C; Oder 

40 

b) ein DNA-Fragment ist, das mindestens ungefahr 60 aufeinanderfolgende Nucleotide der Sequenz enthalt, 
dargestellt als Nucleotide 1 bis 2400 der Fig. 4A-4C. 

10. Rekombinanter Expressionsvektor, der eine DNA-Sequenz gemaR einem oder mehreren der Anspruche 1 bis 9 
45 enthalt. 

11. Verlahren fur die Herstellung eines Polypeptids, das fahig ist, Sauger IL-4 zu binden, das den Schritt der Kultivie- 
rung einer geeigneten Wirtszelle enthalt, die einen Vektor gamafJ Anspruch 10 enthalt unter Bedingungen, die die 
Expression des Polypeptids unterstutzen. 

50 

12. Verlahren lOr die Herstellung eines Polypeptids, das fahig ist, menschliches IL-4 zu binden, das den Schritt der 
Kultivierung einer geeigneten Wirtszelle enthalt, die einen Vektor gemaB Anspruch 10 enthalt unter Bedingungen, 
die die Expression des Polypeptids unterstutzen. 

55 13. Verlahren, enthaltend den Schritt der Reinigung eines Polypeptids, das fahig ist zur Bindung von Sauger IL-4, 
wobei das Polypeptid durch eine DNA gemaB einem oder mehreren der Anspruche 1 bis 7 kodiert wird. 

14. Verlahren gemaB Anspruch 1 3, wobei das Polypeptid im wesentlichen aus murinem IL-4 Rezeptor oder mensch- 
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lichem IL-4 Rezeptor besteht. 

15. Verlahren gema3 Anspruch 13, wobei das Polypeptid eine Aminosaure-Sequenz enthall, die ausgewahit ist aus 
der Sequenz der Aminosaurereste 1 bis 800, wie dargestellt in Fig. 4A-4C, 1 bis 207, wie dargeslellt in Fig. 4A, 1 

5 bis 785, wie dargestslll in den Fig. 2A-2C, 1 bis 208, wie dargestellt in Fig. 2A Oder das ein Fragment cxier ein 

Analog davon ist mit einer biologischen Aktivitat des Sauger IL-4 Rezeptors. 

16. Verfahren gennaQ Anspruch 14, wobei das Polypeptid ein menschlicher IL-4 Rezeptor in Form eines Glycoproteins 
mit einem Molekulargewlcht von zwischen ungefahr 110.000 und 150.000 durch SDS-PAGE ist und einer Bin- 

10 dungsaffinitat (Kg) fur menschliches IL-4 von l-BxIO^M"'. 

17. Verlatiren gemalB Anspruch 14, wobei das Polypeptid eine N-terminale Aminosaure-Sequenz Met-Lys-Val-Leu- 
Gln-Glu-Pro-Thr-Cys-Val-Ser-Asp-Tyr-Met-Ser-lle-Ser-Thr-Cys-Glu-Trpaufweist. 

>s 18. Verfahren gemaR Anspruch 13, wobei das Polypeptid nicht die transmembrane Region und die Gytoplasmado- 
mane des nativen Rezeptors aufweist. 

19. Verlahren gemalJ Anspruch 15, wobei das Polypeptid eine Aminosaure-Sequenz aufweist, die eine mehr als 
80%ige Ahnlichkeit mit einer Sequenz aufweist, die aus den Resten 1 bis 800, wie dargestellt in den Fig. 4A-4C 

20 und den Resten 1 bis 207, wie dargestellt in Fig. 4A ausgewahit ist. 

20. Verfahren gemaB Anspruch 19, wobei das Polypeptid eine Aminosaure-Sequenz enthalt, die im wesentlichen aus 
den Resten 1 bis 207, wie dargestellt in Fig. 4A, besteht. 

2S 21. Verfahren gemaB Anspruch 19, wobei das Polypeptid fahig zur Bindung von menschlichem IL-4 Ist und eine Ami- 
nosaure-Sequenz enthalt, die Im wesentlichen aus den Resten 1 bis 800, wie dargestellt in den Fig. 4A-4C, besteht. 

22. Verfahren, das den Schritt der Reingigung eines Potypeptids enthalt, ausgewahit aus der Gruppe, bestehend aus; 
30 a) einem Fragment des Polypeptids mit der Sequenz der Aminosaure 1 bis 785 der Fig. 2A-2C; und 

b) einem Fragment des Polypeptids mit der Aminosaure-Sequenz 1 bis 800 der Fig. 4A-4C; 
wobei das Fragment eine biologische Aktivitat des IL-4 Rezeptors aufweist. 

35 

23. Verfahren, das den Schritt der Reinigung eines Polypeptids enthalt, wobei das Polypeptid ausgewahit ist aus der 
Gruppe, bestehend aus: 

a) einem Polypeptid, das mindestens ungefahr 20 aufelnanderfolgende Reste der Sequenz aufweist, darge- 
40 stent als Aminosauren 1 bis 785 der Fig. 2A-2C; und 

b) einem Polypeptid, das mindestens ungefahr 20 aufeinanderfolgende Reste der Sequenz enthalt, dargestellt 
als Aminosauren 1 bis 800 der Fig. 4A-4C 

4S 24. Verfahren, das den Schritt aufweist, der Bildung einer pharmazeutlschen Zusammensetzung fur die Regulierung 
der Immunantworten in einem Saugetier, die eine wirksame l^enge eines Polypeptids gemaB einem odermehreren 
der Anspruche 1 3 bis 23 enthalt und ein geeignetes Verdunnungsmittel Oder einen Trager. 

25. Verfahren gemaB Anspruch 24, mit einer spezifischen Bindungsaktivitat von mindestens ungefahr 0,01 Nanomol 
so IL-4/Nanomol des Polypeptids. 

26. Verlahren gemaB Anspruch 24, wobei das Polypeptid menschliches IL-4 bindet und in Form eines Glycoproteins 
mrt einer Bindungsaffinitat (KJ fur menschliches IL-4 von ungefahr 1 -8 x lO^M-i vorliegt und die N-terminale Ami- 
nosaure-Sequenz Met-Lys-Val-Leu-Gln-Glu-Pro-Thr-Cys-Val-Ser-Asp-Tyr-Met-Ser-lle-Ser-T)ir-Cys-Glu-Trp auf- 

ss we ist. 

27. Verfahren gemaB Anspruch 24, wobei das Polypeptid eine Aminosaure-Sequenz enthalt, die im wesentlichen aus 
den Aminosauren 1 bis 207, wie dargestellt in Fig. 4A, besteht. 
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28. Verwendung eines Polypeptids gemaR einem Oder mehreren der AnsprOche 1 3 bis 23 in einem Bindungsassay 
fur die Detektion von IL-4 Oder IL-4-Rezeptormolel<ulen Oder deren Interaktionen, 

29. Polypeptid gemaB einenn Oder mehreren der AnsprOche 1 3 bis 23 zur Verwendung in der Human- Oder Veterinar- 
s medizin. 

30. Verwendung eines Polypeptids gemafi einem Oder mehreren der AnsprOche 13 bis 23 fur die Herstellung eines 
Medikaments fur die Regulierung der Immunantworten in einem Sauger. 

10 31. Verwendung gemaO Anspruch 30, wobei das Polypeptid und der zu behandelnde Sauger menschlich sind. 

32. Verfahren, das den Schritt enthalt, Antikorper zur VerfOgung zu stellen, die immunreaktiv mit einem Polypeptid 
gemafJ einem Oder mehreren der AnsprOche 13 bis 23 sind. 

'5 33. Verfahren gemaB Anspruch 32, wobei die Antikorper monoklonale Antikorper sind. 

34. Verfahren gemalJ Anspruch 33, worin die monoklonalen Antikorper immunreaktiv mit einem menschlichen IL-4 
Rezeptorpolypeptid sind. 

20 35. Ven«endung eines Antikorpsrs gemaB einem oder mehreren der AnsprOche 32 bis 34 fur die Herstellung eines 
Medikaments zum Ausgleich von toxischen Oder anderen ungewunschten Wirkungen von IL-4. 

36. Wirtszelle, die mit einem Vektor gemaB Anspruch 10 transfiziert ist. 

25 37. Verfahren, das den Schritt aufweist, RNA zur VerfOgung zu stellen, die irti wesentlichen komplementar zu der DNA, 
wie beschrieben in einem oder mehreren der AnsprOche 1 bis 9, ist. 

38. Verfahren, das den Schritt aufweist, ein Fuslonsprotein zur VerfOgung zu stellen, das eine Polypeptid-Sequenz 
enthalt, die mit einem Polypeptid, wie beschrieben in einem oder mehreren der AnsprOche 1 3 bis 23, gekoppelt ist. 

30 

39. Fuslonsprotein gemaB Anspruch 38, zur Verwendung in Human- oder Veterinarmedizin. 

40. Verwendung eines Fusionsproteins gemaO Anspruch 38 fur die Herstellung eines Medikaments fur die Regulierung 
einer Immunantwort in einem Sauger 

35 

41. Verwendung eines Fusionsproteins gemaB Anspruch 40, wobei das Fuslonsprotein eine Polypeptid-Sequenz ent- 
halt, die fahig ist, humanes IL-4 zu binden, wobei der Sauger menschlich ist. 

40 Revendicatlons 

Revendications pour les Etats contractants suivants : AT, BE, CH, LI, DE, FR, QB, IT, LU, NL, BE 

45 1 . S6quence d'ADN isol6e codant pour un polypeptide capable de tier l'IL-4 mammlf^re, dans laquelle ladlte sequence 
d'AON est choisie dans le groupe constitu6 : 



55 



(a) de clones d'ADNc comprenant une sequence nucl6otidlque choisie parmi la s6quence pr6sentSe comme 
une suite des nucleotides -75 k 2355 des Figures 2A-2C, des nucleotides 1 & 2355 des Figures 2A-2C, des 

so nucleotides -75 a 2400 des Figures 4A-4C, et des nucleotides 1 & 2400 des Figures 4A-4C; 

(b) de sequences d'ADN capables de s'hybrider k un ADNc de (a) dans des conditions moyennement slrin- 
gentes, et qui codent pour un polypeptide capable de lier riL-4 mammif6re; et 

(c) de sequences d'ADN qui, de par la nature du code genetique, sont degen6r6es en une sequence d'ADN 
definie en (a) ou en (b), et qui codent pour un polypeptide capable de lier riL-4 mammif6re. 



2. sequence d'ADN selon la revendication 1 , dans laquelle ladite sequence d'ADN comprend une sequence nucl6o- 
tidique choisie dans le groupe constitu6 des nucleotides -75 k 2355 des Figures 2A-2C, des nucleotides 1 k 2355 
des Figures 2A-2C, des nucleotides -75 k 2400 des Figures 4A-4C, et des nucleotides 1 k 2400 des Figures 4A-4C. 
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IS 



20 



30 



3. sequence d'ADN selon la revendication 1 , dans laquelle ladite sequence d'ADN comprend une sequence nucl6o- 
tidique choisie dans le groupe constitu6 des nucleotides -75 k 621 de la Figure 4A, et des nucl6otides 1 S 621 de 
la Figure 4A. 

4. Sequence d'ADN selon la revendication 1, qui code pour une sequence d'acides amines pr6sentant un degr^ 
d'homologie superieur a 60% & une sequence d'acides amines choisie parmi les r^sidus -25 & 800, 1 k 800, -25 
S 207, ou 1 k 207 d6crits aux Figures 4A-4C. 

5. Sequence d'ADN selon la revendication 4, qui code pour un r6cepteur soluble capable de lier l'IL-4 humaine et 
comprenant une sequence d'acides amines constituee essentiellement des r6sidus d'acides amin6s -25 k 207 ou 
1 k 207 d6crits k la Figure 4A. 

6. sequence d'ADN selon la revendication 1 , qui code pour une s6quence d'acides annin6s constitu6e essentiellement 
des r6sidus d'acides amin6s -25 k 800 ou 1 & 800 decrits aux Figures 4A-4C. 

7. sequence d'ADN selon la revendication 1 , qui code pour un polypeptide r^cepteur d"IL-4 comprenant une sequence 
d'acides amines choisie parmi la sequence de r6sidus d'acides amines 1 k 800 d6crits aux Figures 4A-4C, 1 k 
207 decrits k la Figure 4A, 1 k 785 decrits aux Figures 2A-2C, 1 k 208 decrits k la Figure 2A, ou les analogues 
de celles-ci ayant une activite biologique d'un recepteur d'IL-4 mammif6re. 

8. sequence d'ADN isoiee qui est : 



a) un fragment de la sequence nucieotidique presentee comme une suite des nucleotides 1 k 2355 des Figures 
2A-2C; et 

25 b) un fragment de la sequence nucieotidique presentee comme une suite des nucleotides 1 k 2400 des Figures 

4A-4C; 

dans laquelle ledit fragment code pour un polypeptide qui possfede une activite biotogique d'un recepteur 
d'IL-4 mammitere. 



9. sequence d'ADN isol6e qui est : 



a) un fragment d'ADN contenant au moins environ 60 nucleotides consecutifs de la sequence presentee com- 
me une suite des nucleotides 1 k 2355 des Figures 2A-2C; ou 
35 b) un fragment d'ADN contenant au moins environ 60 nucleotides consecutifs de la sequence presentee com- 

me une suite des nucleotides 1 k 2400 des Figures 4A-4C. 

10. Vecteur d'expression recombinant comprenant une sequence d'ADN selon I'une quelconque des revendications 
1 k9. 

40 

11. Proc6d6 de preparation d'un polypeptide capable de lier l'IL-4 mammif6re, comprenant la mise en culture d'une 
cellule hate convenable comprenant un vecteur selon la revendication 10 dans des conditions favorables k I'ex- 
pression dudit polypeptide. 

IS 12. Precede de preparation d'un polypeptide capable de lier riL-4 humaine, comprenant la mise en culture d'une cellule 
hdte convenable comprenant un vecteur selon la revendication 10 dans des conditions favorables k I'expression 
dudit polypeptide. 

13. Polypeptide purifie capable de lier l'IL-4 mammifere, dans lequel ledit polypeptide est encode par un ADN selon 
so I'une quelconque des revendications 1 k 7. 

14. Polypeptide selon la revendication 13, constitue essentiellement du recepteur d'IL-4 murine ou du r6cepteur d'lL- 
4 humaine. 

55 15. Polypeptide selon la revendication 13, qui comprend une sequence d'acides amines choisie parmi la sequence 
de residus d'acides amines 1 k 800 decrits aux Figures 4A-4C, 1 k 207 decrits k la Figure 4A, 1 k 785 decrits aux 
Figures 2A-2C, 1 k 208 decrits k la Figure 2A, ou qui est un fragment ou un analogue de celle-ci ayant une activite 
biologique d'un recepteur d'IL-4 mammit6re. 
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16. Polypeptide selon la revendlcation 14, qui est un r6cepteur d'IL-4 humaine sous forme d'une glycoprotdine ayant 
un poids mol6culaire MrCompris entre 110 000 et 150 000 par SDS-PAGE et une affinitd de liaison (Kg) pour I'lL- 
4 humaine de 1 & 8 x 10^ IM"^. 

s 17. Polypeptide selon la revendlcation 14, qui poss6de une sequence d'acides amines N-terminale Met-Lys-Val-Leu- 
Gln-Glu-Pro-Thr-Cys-Val-Ser-Asp-Tyr-Met-Ser-lle-Ser-Thr-Cys-Gly-Trp. 

18. Polypeptide selon la revendlcation 13, dans lequel la region transmembranaire et le domaine cytoplasmique du 
rScepteur natit ont 6t6 supprimes, 

10 

19. Polypeptide selon la revendlcation 15, dans lequel ledit polypeptide comprend une sequence d'acides amines qui 
prdsente un degr6 d'homologie sup6rieur a 80% S une sequence choisie parmi les r6sidus 1 k 800 d6crits aux 
Figures 4A k 4C et les rdsidus 1 & 207 d6crits k la Figure 4A. 

'5 20. Polypeptide selon la revendlcation 19, qui comprend une sequence d'acides amines constitute essentiellement 
des residus 1 a 207 dScrits ^ la Figure 4A. 

21. Polypeptide selon la revendlcation 19, capable de lier riL-4 humain, dans lequel ledit polypeptide comprend une 
sequence d'acides amines constitute essentiellement des rtsldus 1 & 800 ddcrlts aux Figures 4A ^ 4C. • 

20 

22. Polypeptide purlfit choisi dans le groupe constltut : 

a) d'un fragment du polypeptide ayant la sequence d'acides amines 1 & 785 des Figures 2A-2C; et 

b) d'un fragment du polypeptide ayant la sequence d'acides amines 1 S 800 des Figures 4A-4C; 

25 

dans lequel ledit fragment possSde une activity biologique du rScepteur d'IL-4. 

23. Polypeptide purifi6 choisi dans le groupe cons1ltu6 : 

30 a) d'un polypeptide comprenant au moins environ 20 r6sidus cons6cutlfs de la sequence pr6sent6e comme 

une suite des acides amines 1 k 785 des Figures 2A-2C: et 

b) d'un polypeptide comprenant au moins environ 20 rtsidus constcutlfs de la s6quence pr6sent6e comme 
une suite des acides amines 1 k 800 des Figures 4A-4C. 

35 24. Composition pharmaceutique pour rtguler des rtponses immunes chez un mammifSre, comprenant une quantity 
efflcace d'un polypeptide selon I'une quelconque des revendications 13 S 23 et un diluant ou vthicule appropriS. 

25. Composition selon la revendlcation 24 ayant une activitt de liaison sptclfique d'environ au moins 0,01 nanomole 
d'IL-4/nanomole dudit polypeptide. 

40 

26. Composition selon la revendlcation 24, dans laquelle ledit polypeptide lie l'IL-4 humaine et se pr6sente sous forme 
d'une glycoprottine ayant une afflnitt de liaison (KJ pour l'IL-4 humaine de 1 S 8 x 10^ environ, et dotte 
tgalement de la sequence d'acides amines N-terminale (vlet-Lys-Val-Leu-Gln-Glu-Pro-Thr-Cys-Val-Ser-Asp-Tyr- 
Met-Ser-lle-Ser-Thr-Cys-Gly-Trp. 

45 

27. Composition selon la revendioation 24, dans laquelle ledit polypeptide comprend une sequence d'acides amines 
constitute essentiellement des acides amints 1 207 dtcrits a la Figure 4A. 

28; Utilisation d'un polypeptide selon I'une quelconque des revendications 1 3 a 23 dans un essal de fixation en vue 
50 de dttecter des moltcules d'IL-4 ou de rtcepteur d'IL-4 ou leur interacllon. 

29. Polypeptide selon I'une quelconque des revendications 13 & 23, pour utilisation en mtdecine humaine ou v6t6ri- 
naire. 

SB 30. Utilisation d'un polypeptide selon I'une quelconque des revendications 1 3 6 23, dans la pr6paratbn d'un mtdica- 
ment destint k rtguler des rtponses immunes chez un mammiftre. 

31. Utilisation selon la revendlcation 30, dans laquelle le polypeptide et le mammlffere k trailer sont d'origlne humaine. 
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32. Anticorps qui sont immunor6actifs vis-^-vis d'un polypeptide selon I'une quelconque des revendications 1 3 & 23, 

33. Anticorps selon la revendication 32, dans lequel ledit anticorps est un anticorps monoclonal. 

5 34. Anticorps selon la revendication 33, dans lequel ledit anticorps monoclonal est immunoreactif vis-^-vis d'un poly- 
peptide r6cepteur d'IL-4 humaine. 

35. Utilisation d'un anticorps selon I'une quelconque des revendications 32 a 34 dans la preparation d'un medicament 
destine ^ att6nuer les effets toxiques ou autres etfets ind6sirables de riL-4. 

10 

36. Cellule hote transfect6e par un vecteur selon la revendication 10. 

37. ARN essentiellement compl6mentaire A I'ADN selon I'une quelconque des revendications 1 & 9. 

15 38. Proteine de fusion comprenant une sequence polypeptidique coupl6e k un polypeptide selon I'une quelconque 
des revendications 1 3 & 23. 

39. Proteine de fusion selon la revendication 38 pour utilisation en rnddecine humaine ou vet6rinaire. 

20 40. Utilisation d'une prot6ine de fusion selon la revendication 38 dans la preparation d'un medicament destine 6 reguler 
une reponse immune chez un mammif6re. 

41. Utilisation d'une proteine de fusion selon la revendication 40, dans laquelle la proteine de fusion comprend une 
sequence polypeptidique capable de lier l'IL-4 humaine et dans laquelle le mammifere est un dtre humain. 

25 



Revendicationa pour I'Etat contractant sulvant : ES 

1. Procede comprenant l'6tape d'isolement d'une sequence d'ADN codant pour un polypeptide capable de lier l'IL-4 
30 mammiffere, dans lequel ladite sequence d'ADN est choisie dans le groupe constitu6; 

(a) de clones d'ADNc comprenant une sequence nucieotidique choisie parmi la sequence presentee comme 
une suite des nucleotides -75 a 2355 des Figures 2A-2C. des nucleotides 1 k 2355 des Figures 2A-2C. des • 
nucleotides -75 k 2400 des Figures 4A-4C, et des nucleotides 1 ^ 2400 des Figures 4A-4C; 
35 (b) de sequences d'ADN capables de s'hybrider k un ADNc de (a) dans des conditions moyennement strin- 

gentes, et qui codent pour un polypeptide capable de lier riL-4 mammitere; et 

(c) de sequences d'ADN qui, de par la nature du code genetique, sont degener6es en une sequence d'ADN 
detinie en (a) ou en (b), et qui codent pour un polypeptide capable de lier l'lL-4 mammit6re. 

10 2. Procede selon la revendication 1 , dans lequel ladite sequence d'ADN comprend une sequence nucieotidique choi- 
sie dans le groupe constitue des nucleotides -75 k 2355 des Figures 2A-2C, des nucleotides 1 k 2355 des Figures 
2A-2C. des nucleotides -75 k 2400 des Figures 4A-4C, et des nucleotides 1 k 2400 des Figures 4A-4C. 

3. Procede selon la revendication 1 , dans lequel ladite sequence d'ADN comprend une sequence nucieotidique choi- 
rs sie dans le groupe constitue des nucleotides -75 k 621 de la Figure 4A, et des nucleotides 1 k 621 de la Figure 4A, 

4. Procede selon la revendication 1 , dans lequel ladite sequence d'ADN code pour une sequence d'acides amines 
qui presente un degre d'homologie superieur k 80% k une sequence d'acides amines choisie parmi les r6sidus 
-25 k 800, 1 k 800, -25 k 207, ou 1 k 207 decrits aux Figures 4A-4C. 

so 

5. Procede selon la revendication 4, dans lequel ladite sequence d'ADN code pour un recepteur soluble capable de 
lier l'IL-4 humaine et comprenant une sequence d'acides amines constituee essentiellement des residus d'acides 
amines -25 k 207 ou 1 k 207 d6crits k la Figure 4A. 

SB 6. Procede selon la revendication 1 , dans lequel ladite sequence d'ADN code pour une sequence d'acides amines 
constituee essentiellement des residus d'acides amines -25 k 800 ou 1 a 800 decrits aux Figures 4A-4C. 

7. Procede selon la revendication 1 , dans lequel ladite sequence d'ADN code pour un polypeptide recepteur d'IL-4 
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comprenant une sequence d'acides amines choisie paimi la s6quence de r6sidu8 d'acides amines 1 ^ 800 dScrits 
aux Figures 4A-4C, 1 ^ 207 d6crits ^ la Figure 4A, 1 a 785 d6crits aux Figures 2A-2C, 1 & 208 d6crits & la Figure 
2A, ou les analogues de celles-ci ayant une activity biologique d'un r6cepteur d'IL-4 mammifSre. 

5 8. Proc6d6 comprenant I'isolement d'une sequence d'ADN dans laquelle ladlte sequence d'ADN est : 

a) un fragment de la sequence nucl6otidlque pr6sent6e comme une suite des nucleotides 1 & 2355 des Figures 
2A-2C; et 

b) un fragment de la sequence nucl6otidique presentee comme une suite des nucleotides 1 k 2400 des Figures 
10 4A-4C; 

dans laquelle ledit fragment code pour un polypeptide qui possede une activity biologique d'un rScepteur 
d'IL-4 mammif6re. 

Proc6d6 comprenant I'isolement d'une sequence d'ADN dans laquelle ladite sequence d'ADN est : 

a) un fragment d'ADN contenant au morns environ 60 nucleotides consecutifs de la sequence presentee com- 
me une suite des nucleotides 1 k 2355 des Figures 2A-2C; ou 

b) un fragment d'ADN contenant au moins environ 60 nucleotides consecutifs de la sequence presentee com- 
me une suite des nucleotides 1 k 2400 des Figures 4A-4C. 

Proc6de comprenant la construction d'un vecteur d'expression recombinant comprenant une sequence d'ADN 
telle que decrite dans I'une quelconque des revendications 1 S 9. 

Procede de preparation d'un polypeptide capable de Her l'IL-4 mammifere, comprenant la mise en culture d'une 
cellule hdte convenable comprenant un vecteur tel que decrit dans la revendlcation 1 0 dans des conditions favo- 
rables & I'expression dudit polypeptide. 

Precede de preparation d'un polypeptide capable de lier riL-4 humaine, comprenant la mise en culture d'une cellule 
h6te convenable comprenant un vecteur tel que decrit dans la revendlcation 1 0 dans des conditions favorables k 
I'expression dudIt polypeptide. 

Procede comprenant la purification d'un polypeptide capable de lier riL-4 mammif 6re. dans lequel ledit polypeptide 
est encode par une sequence d'ADN telle que decrite dans I'une quelconque des revendications 1 k 7. 

Proc6d6 selon la revendlcation 1 3, dans lequel ledit polypeptide est constitu6 essentiellement du r6cepteur d'lL- 
4 murine ou du r6cepteur d'IL-4 humaine. 

Procede selon la revendication 1 3, dans lequel ledit polypeptide comprend une sequence d'acides amines choisie 
parmi la sequence de resldus d'acides amines 1 k 800 decrits aux Figures 4A-4C, 1 k 207 decrits a la Figure 4A, 
1 k 785 decrits aux Figures 2A-2C, 1 k 208 decrits k la Figure 2A, ou qui est un fragment ou un analogue de celles- 
ci ayant, une activite biologique d'un recepleur d'IL-4 mammifere. 

16. Procede selon la revendication 14, dans lequel ledit polypeptide est un recepteur d'IL-4 humaine sous forme d'une 
4S glycoproteine ayant un poids moieculaire MfCompris entre 110 000 et 150 000 par SDS-PAGE et une affinite de 

liaison (K^) pour l'IL-4 humaine de 1 6 8 x 10^ M-V 

17. Precede selon la revendication 14, dans lequel ledit polypeptide possede une sequence d'acides amines N4er- 
mlnale Met-Lys-Val-Leu-Gln-Glu-Pro-Thr-Cys-Val-Ser-Asp-Tyr-f\/let-Ser-lle-Ser-Thr-Cys-Gly-Trp. 

50 

18. Precede seton la revendication 13, dans lequel ledit polypeptide ne possede pas la region transmembranaire et 
le domaine cytoplasmique du recepteur natif. 

19. Precede selon la revendication 15, dans lequel ledit polypeptide comprend une sequence d'acides amines qui 
55 presente un degre d'homologie sup6rieur k 80% k une sequence choisie parmi les residus 1 k 800 decrits aux 

Figures 4A k 4C et les residue 1 k 207 d6crits k la Figure 4A. 

20. Precede selon la revendication 19, dans lequel ledit polypeptide comprend une sequence d'acides amines cons- 



15 9. 

20 

10. 

25 11. 
12. 

30 

13. 

35 

14. 
15. 



40 



EP 0 367 566 B1 



titu6e essentiellement des rdsidus 1 k 207 d6crits k la Figure 4A. 

21. Proc6d6 salon la revendlcation 1 9, dans lequel ledit polypeptide est capable de Her l'IL-4 humalne, et comprend 
une sequence d'acides amines constitute essentiellement des r6sidus 1 k 600 d6crits aux Figures 4A k AC. 

5 

22. Precede comprenant la purification d'un polypeptide choisi dans le groupe constitue : 

a) d'un fragment du polypeptide ayant la sequence d'acides amines 1 a 785 des Figures 2A-2C; et 

b) d'un fragment du polypeptide ayant la sequence d'acides amines 1 k 800 des Figures 4A-4C; 

10 

dans lequel ledit fragment possede une activity biologique du r6cepteur d'IL-4. 

23. Proc6d6 comprenant la purification d'un polypeptide, dans lequel le polypeptide est cfioisi dans le groupe 
constitu6 ; 

IS 

a) d'un polypeptide comprenant au moins environ 20 r^sidus cons6cutifs de la sequence pr6sent6e comme 
une suite des acides amines 1 k 785 des Figures 2A-2C; et 

b) d'un polypeptide comprenant au moins environ 20 residus cons6cutifs de la sequence pr6sent6e comme 
une suite des acides amines 1 k BOO des Figures 4A-4C. 

20 

24. Proced6 comprenant I'obtention d'une composition pfiarmaceutique pour r6guler des r6ponses immunes chez un 
mammif6re, comprenant une quantit6 efficace d'un polypeptide tel que d6crit dans I'une quelconque des revendi- 
cations 13 6 23 et un diluant ou vthicule appropri6. 

25 25. Proc6d6 selon la revendlcation 24, dans lequel I'activit6 de liaison specifique est d'environ au moins 0,01 nanomole 
d'IL-4/nanomole dudit polypeptide. 

26. Proced6 selon la revendlcation 24, dans lequel ledit polypeptide lie riL-4 humalne et se prSsente sous forme d'une 
glycoprotSine ayant une affinitd de liaison (KJ pour l'IL-4 humaine de 1 & 8 x 1 0^ M-' environ, et dot6e egalement 

30 de la sequence d'acides amines N-terminale fviet-Lys-Val-Leu-Gln-Glu-Pro-Thr-Cys-Val-Ser-Asp-Tyr-Met-Ser-lle- 

Ser-Thr-Cys-Gly-Trp. 

27. Proc6d6 selon la revendlcation 24, dans lequel ledit polypeptide comprend une sequence d'acides amines cons- 
titute essentiellement des acides amines 1 k 207 dtcrits k la Figure 4A. 

35 

28. Utilisation d'un polypeptide selon I'une quelconque des revendications 13 & 23 dans un essai de fixation en vue 
de detecter des molecules d'IL-4 ou de recepteur d'IL-4 ou leur interaction. 

29. Polypeptide tel queddcrit dans I'une quelconque des revendications 1 3a 23, pour utilisation en mtdecine humaine 
40 ou v6t6rinaire. 

30. Utilisation d'un polypeptide tel que dtcrit dans I'une quelconque des revendications 13 & 23, dans la preparation 
d'un mtdicament destine reguler les reponses immunes chez un mammiftre. 

4S 31 . Utilisation selon la revendlcation 30, dans laquelle le polypeptide et le mammifdre k trailer sont d'origine humaine. 

32. Proc6d6 comprenant I'obtention d'anticorps qui sont immunortactifs vis-S-vis d'un polypeptide selon I'une quel- 
conque des revendications 1 3 & 23. 

so 33. Proc6d6 selon la revendication 32, dans lequel lesdits anticorps sont des anticorps monoclonaux. 

34. Proc6d6 selon la revendication 33, dans lequel lesdits anticorps monoclonaux sont immunortactifs vis-S-vis d'un 
polypeptide rtcepteur d'IL-4 humaine. 

55 35. Utilisation d'un anticorps tel que dtcrit dans I'une quelconque des revendications 32 k 34 dans la pr6para1ion d'un 
mddicament destint k atttnuer les effets toxiques ou autres effets indtsirables de riL-4. 

36. Cellule h6te transfectte par un vecteur tel que decrit dans la revendication 10. 



41 



EP 0 367 566 B1 



37. Proc6d6 comprenant I'obtention d'ARN essentiellement compl6mentaire a I'ADN tel que d6crit dans I'une quel- 
conque des revendications 1 & 9. 

38. Proc6d6 comprenant I'obtention d'une prot6ine de fusion comprenant une s6quence polypeptidique coupl6e k un 
polypeptide tel que ddcrit dans I'une quelconque des revendications 13 S 23. 

39. Prot6ine de fusion telle que d6crite dans la revendication 38 pour utilisation en mddecine humaine ou v6t6rinaire. 

40. Utilisation d'une prot6ine de fusion telle que d^crite dans la revendication 38 dans la preparation d'un mddicament 
destine 3 rdguler une rSponse immune chez un mammif6re. 

41. Utilisation d'une prot6ine de fusion telle que d6crite dans la revendication 40, dans laquelle la prot6ine de fusion 
comprend une sequence polypeptidique capable de lier riL-4 huniaine et dans laquelle le mammif6re est un 6tre 
fiumain. 



Revendications pour I'Etat contractant suivant : GR 

1 . sequence d' ADN isol6e codant pour un polypeptide capable de lier riL-4 mammif^re, dans laquelle ladite sequence 
d'ADN est choisie dans le groupe constitue : 

(a) de clones d'ADNc comprenant une sequence nucieotidlque choisie parmi la sequence pr6sent6e comme 
une suite des nucleotides -75 & 2355 des Figures 2A-2C, des nucleotides 1 k 2355 des Figures 2A-2C, des 
nucleotides -75 k 2400 des Figures 4A-4C, et des nucleotides 1 & 2400 des Figures 4A-4C; 

(b) de sequences d'ADN capables de s'hybrider & un ADNc de (a) dans des conditions moyennement strin- 
gentes, et qui codent pour un polypeptide capable de lier riL-4 mammifere; et 

(c) de sequences d'ADN qui, de par la nature du code g6netique, sont degenerees en une sequence d'ADN 
definie en (a) ou en (b), et qui codent pour un polypeptide capable de lier riL-4 mammifere. 

2. sequence d'ADN selon la revendication 1 , dans laquelle ladite sequence d'ADN comprend une sequence nucieo- 
tidique choisie dans le groupe constitue des nucleotides -75 k 2355 des Figures 2A-2C, des nucleotides 1 d 2355 
des Figures 2A-2C, des nucleotides -75 ^ 2400 des Figures 4A-4C, et des nucleotides 1 k 2400 des Figures 4A-4C. 

3. sequence d'ADN selon la revendication 1 , dans laquelle ladite sequence d'ADN comprend une sequence nucieo- 
tidlque choisie dans le groupe constitue des nucleotides -75 S 621 de la Figure 4A, et des nucleotides 1 S 621 de 
la Figure 4A. 

4. sequence d'ADN seton la revendication 1, qui code pour une sequence d'acides amines presentant un degre 
d'homologie sup6rieur k 80% & une sequence d'acides amines choisie parmi lea residus -25 k 800, 1 k 800, -25 
a 207, ou a 207 decrits aux Figures 4A-4C. 

5. sequence d'ADN selon la revendication 4, qui code pour un r6cepteur soluble capable de lier l'IL-4 humaine et 
comprenant une sequence d'acides amin6s constituee essentiellement des residus d'acides amines -25 k 207 ou 
1 k 207 decrits k la Figure 4A. 

6. sequence d'ADN selon la revendication 1 , qui code pour une sequence d'acides amines constituee essentiellement 
des residus d'acides amines -25 k 800 ou 1 k 800 decrits aux Figures 4A-4C. 

7. sequence d'ADN selon la revendication 1 , qui code pour un polypeptide r6cepteur d'IL-4 comprenant une sequence 
d'acides amines choisie parmi la sequence de residus d'acides amines 1 k 800 decrits aux Figures 4A-4C, 1 k 
207 decrits k la Figure 4A, 1 k 785 decrits aux Figures 2A-2C, 1 k 208 decrits k la Figure 2A, ou les analogues 
de celles-ci ayant une activite biologique d'un r6cepteur d'IL-4 mammifere. 

8. sequence d'ADN isoiee qui est : 

a) un fragment de la sequence nucl6otidique presentee comme une suite des nucleotides 1 k 2355 des Figures 
2A-2C; et 

b) un fragment de la sequence nucieotidlque presentee comme une suite des nucleotides 1 k 2400 des Figures 
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4A-4C; 

dans laquelle ledit fragment code pour un polypeptide qui poss6de une activity biologique d'un r6cepteur 
d'IL-4 mammilfere. 

s 

9. Sequence d'ADN isol6e qui est : 

a) un fragment d'ADN contenant au moins environ 60 nucleotides consdcutifs de la sequence pr6sent6e com- 
me une suite des nucleotides 1 k 2355 des Figures 2A-2C; ou 
10 b) un fragment d'ADN contenant au moins environ 60 nucleotides cons6cutifs de la sequence pr6sent6e com- 

me une suite des nucleotides 1 k 2400 des Figures 4A-4C. 

10. Vecteur d'expression recombinant comprenant une sequence d'ADN selon I'une quelconque des revendications 



1 &9. 



IS 



11. Procede de preparation d'un polypeptide capable de lier l'IL-4 mammitere, comprenant la mise en culture d'une 
cellule hote convenable comprenant un vecteur selon la revendication 10 dans des conditions favorables & I'ex- 
presslon dudit polypeptide. 

20 12. ProcSde de preparation d'un polypeptide capable de lier riL-4 humaine, comprenant la mise en culture d'une cellule 
h6te convenable comprenant un vecteur selon la revendication 10 dans des conditions favorables k I'expression 
dudit polypeptide. 

1 3. Procede comprenant la purification d'un polypeptide capable de lier l'IL-4 mammiffere, dans lequel ledit polypeptide 
2S est erncode par un ADN selon I'une quelconque des revendications 1 k 7. 

14. Precede selon la revendication 1 3, dans lequel ledit polypeptide est constitue essentiellement du recepteur d'lL- 
4 murine ou du recepteur d'IL-4 humaine. 

30 IS. Proc6d6 selon la revendication 13, dans lequel ledit polypeptide comprend une sequence d'acides amines choisie 
parmi la sequence de r6sldus d'acides amines 1 k 800 decrits aux Figures 4A-4C, 1 k 207 decrits k la Figure 4A, 
1 k 785 decrits aux Figures 2A-2C, 1 k 208 decrits k la Figure 2A, ou qui est un fragment ou un analogue de celles- 
ci ayant une aclivite biologique d'un r6cepteur d'IL-4 mammifere. 

35 16. Precede selon la revendication 14, dans lequel ledit polypeptide est un recepteur d'IL-4 humaine sous forme d'une 
glycoproteine ayant un poids mol6culaire M.compris entre 110 000 et 150 000 par SDS-PAGE et une affinite de 
liaison (Kg) pour l'lL-4 humaine de 1 ^ 8 x 10^ M-\ 

17. Procede selon la revendication 14, dans lequel ledit polypeptide poss6de une sequence d'acides amines N-ter- 
40 minaleMet-Lys-Val-Leu-Gln-Glu-Pro-Thr-Cys-Val-Ser-Asp-Tyr-Met-Ser-lle-Ser-Thr-Cys-Gly-Trp. 

18. Procede selon la revendication 13, dans lequel la region transmembranaire et le domaine cytoplasmique ne sont 
pas presents dans ledit polypeptide. 

45 19. Precede selon la revendication 15, dans lequel ledit polypeptide comprend une sequence d'acides amines qui 
presente un degr6 d'homologie superieur k 80% k une sequence choisie parmi les r6sidus 1 k 800 d6crits aux 
Figures 4A k AC et les r6sidus 1 207 d6crits k la Figure 4A. 

20. Precede selon la revendication 19, dans lequel ledit polypeptide comprend une sequence d'acides amines cons- 
50 tituee essentiellement des residus 1 k 207 decrits k la Figure 4A. 

21. Precede selon la revendication 19, dans lequel ledit polypeptide est capable de lier l'IL-4 humaine et comprend 
une sequence d'acides amines constituee essentiellement des residus 1 k 800 dScrits aux Figures 4A k 4C. 

55 22. Precede comprenant la purification d'un polypeptide choisi dans le groupe constitue : 

a) d'un fragment du polypeptide ayant la sequence d'acides amines 1 k 785 des Figures 2A-2C; el 

b) d'un fragment du polypeptide ayant la sequence d'acides amines 1 k 800 des Figures 4A-4C; 
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dans lequel ledit fragment poss6de une activity biologique du rdcepteur d'IL-4. 

23. Precede comprenant la purification d'un polypeptide choisi dans le groupe constitu6 : 

a) d'un polypeptide comprenant au moins environ 20 r6sidus cons^cutils de la sequence pr6sent6e comme 
une suite des acides amines 1 & 785 des Figures 2A-2C; et 

b) d'un polypeptide comprenant au moins environ 20 residus cons6cutifs de la sequence pr6sent6e comme 
une suite des acides amines 1 6 800 des Figures 4A-4C. 

24. Proc6d6 comprenant I'obtention d'une composition pharmaceutique pour r6guler des rSponses immunes cfiez un 
mammifere, comprenant une quantity efficace d'un polypeptide tel que d^crit dans I'une quelconque des revendi- 
cations 13 a 23 et un diluant ou v6hicule appropri6. 

25. Proc6d6 selon la revendication 24, dans lequel I'activit^ de liaison sp6cifique est d'au moins 0,01 nanomole d'lL- 
4/nanomole dudit polypeptide environ. 

26. Proc6d6 selon la revendication 24, dans lequel ledit polypeptide lie riL-4 fiumaine et se pr6sente sous forme d'une 
glycoprot6ine ayant une atfinitd de liaison (KJ pour l'IL-4 humaine de 1 ^ 8 x 1 0^ N/l'^ environ, et dot6e dgalement 
de la sequence d'acides amines N-termlnale Met-Lys-Val-Leu-Gln-Glu-Pro-Thr-Cys-Val-Ser-Asp-Tyr-Met-Ser-lle- 
Ser-Thr-Cys-Gly-Trp. 

27. Proc6d6 selon la revendication 24, dans lequel ledit polypeptide comprend une sequence d'acides amines cons- 
tituee essentiellement des acides amines 1 S 207 d6crits & la Figure 4A. 

28. Utilisation d'un polypeptide selon I'une quelconque des revendications 13 & 23 dans un essai de fixation en vue 
de d6tecter des molecules d'IL-4 ou de r6cepteur d'IL-4 ou leur interaction. 

29. Polypeptide tel que d6crit dans Tunequelconque des revendications 136 23, pour utilisation en m6decine fiumaine 
ou v6t6rinaire. 

30. Utilisation d'un polypeptide tel que d6crit dans I'une quelconque des revendications 13 a 23, dans la preparation 
d'un medicament destine & r6guler les r6ponses immunes cfiez un mammifSre. 

31. Utilisation selon la revendication 30, dans laquelle le polypeptide et le mammifere k trailer sont d'origine fiumaine. 

32. Precede comprenant I'obtention d'anticorps qui sont immunor6actifs vis-S-vis d'un polypeptide tel que d6crit dans 
I'une quelconque des revendications 1 3 & 23. 

33. Precede selon la revendication 32, dans lequel lesdits anticorps sont des anticorps monoclonaux. 

34. Precede selon la revendication 33, dans lequel lesdits anticorps monoclonaux sont immunoreactifs vis-^-vis d'un 
polypeptide recepteur d'lL-4 fiumaine. 

35. Utilisation d'anticorps tels que d6crits dans I'une quelconque des revendications 32 k 34 dans la preparation d'un 
medicament destine k attenuer les effets toxiques ou autres effets ind6sirables de riL-4. 

36. Cellule hote transfectee par un vecteur tel que decrit dans la revendication 10. 

37. Precede comprenant I'obtention d'ARN essentiellement compl6mentaire h I'ADN tel que d6crit dans I'une quel- 
conque des revendications 1 k 9. 

38. Precede comprenant I'obtention d'une preteine de fusion comprenant une sequence polypeptidique coupiee k un 
polypeptide selon I'une quelconque des revendications 1 3 & 23. 

39. Preteine de fusion telle que decrite dans la revendication 38 pour utilisation en m6decine fiumaine eu veterinaire. 

40. Utilisation d'une preteine de fusion telle que d6crite dans la revendication 38 dans la preparation d'un medicament 
destine k reguler une r6ponse immune cfiez un mammifere. 
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Utilisation d'une protdine de fusion telle que d6crite dans la revendicatlon 40, dans laquelle la prot6ine de fusion 
comprend une sequence polypeptidique capable de lier riL-4 humaine at dans laquelle le mamnnif6re est un &tre 
humain. 
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FIGURE 1 
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T-THTTRB 2ft 



ATG GGG 
Met Gly 

ATT TTG 
He Leu 

GAG CCC 
Glu Pro 

TGG TTC 
Trp Phe 

CAC TAG 
His Tyr 

ATC CCG 
He Pro 

ATG AAT 
Met Asn 

GCT GAG 
Ala Glu 

AAT GTG 
Asn Vai 

GTG TCC 
Val Ser 

AAC AAC 
Asn Asn 

AGA GAG 
Arg Glu 

AAG GAA 
Lys Glu 

GTC TAG 
Val Tyr 

GGC ACC 
Gly Thr 

TTC CAG 
Phe Gin 

TCC TGC 

Sfir Cys 



CGG CTT 
Arg Leu 

CTG TTG 
Leu Leu 

ACC TGC 
Thr Cys 

CTG GAT 
Leu Asp 

AGG CTG 
Arg Leu 

AGG AAC 
Arg Asn 

AGG CCG 
Arg Pro 

CAC AGA 
His Arg 

AAG CCC 
Lys Pro 

GAC GAA 
Asp Glu 

TTA CTG 
Leu Leu 

GAC AAC 
Asp Asn 

CCC AGG 
Pro Arg 

TAT ACG 
Tyr Thr 

TGG AGT 
Trp Ser 

CTG CCC 
Leu Pro 

CTC TGC 

Leu Cys 



TGC ACC AAG TTC 
Cys Thr Lys Phe 

GTG ACT GGA TCT 
Val Thr Gly Ser 

TTC TCT GAC TAC 
Phe Ser Asp Tyr 

AGC GCT GTG GAC 
Ser Ala Val Asp 

ATG TTC TTC GAG 
Met Phe Phe Glu 

AGT GCC AGC ACT 
Ser Ala Ser Thr 

GTC CAA TCA GAC 
Val Gin Ser Asp 

CAG CTG TGG CAG 
Gin Leu Trp Gin 

CTA GCT CCA GAC 
Leu Ala Pro Asp 

TGG CTG CTG ACC 
Trp Leu Leu Thr 

TAC AAA GAC CTC 
Tyr Lys Asp Leu 

CCT GCA GAA TTC 
Pro Ala Glu Phe 

CTG AGC TTC CCG 
Leu Ser Phe Pro 

GCG CGT GTG AGG 
Ala Arg Val Arg 

GAG TGG AGT CCT 
Glu Trp Ser Pro 



CTG ACC 
Leu Thr 

GGG AGC 
Gly Ser 

ATC CGC 
He Arg 

TGC AGT 
Cys Ser 

TTC TCT 
Phe Ser 

GTG TGT 
Val Cys 

AGA TAC 
Arg Tyr 

GGC TCC 
Gly Ser 

AAC CTC 
Asn Leu 

TGG AAT 
Trp Asn 

ATC TCC 
He Ser 

ATA GTC 
He Val 

ATC AAC 
He Asn 

GTC AGA 
Val Arg 



TCT GTG GGC 
Ser Val Gly 

ATC AAG GTC 
Tie Lys Val 

ACT TCC ACG 
Thr Ser Thr 

TCT CAG CTC 
Ser Gin Leu 

GAA AAC CTC 
Glu Asn Leu 

GTG TGC CAC 
val Cys His 

CAG ATG GAA 
Gin Met Glu 

TTC AGC CCC 
Phe Ser Pro 

ACA CTC CAC 
Thr Leu His 

AAC CTG TAC 
Asn Leu Tyr 

ATG GTC AAC 
Met Val Asn 

TAT AAT GTG 
Tyr Asn Val 

ATC CTG ATG 
He Leu Met 

TCC CAG ATA 
Ser Gin He 



TGT CTG 
Cys Leu 

CTG GGT 
Leu Gly 

TGT GAG 
Cys Glu 

TGC CTA 
Cys Leu 

ACA TGC 
Thr Cys 

ATG GAA 
Met Glu 

CTG TGG 
Leu Trp 

AGT GGT 
Ser Gly 

ACC AAT 
Thr Asn 

CCA TCG 
Pro Ser 

ATC TCC 
He Ser 

ACC TAC 
Thr Tyr 

TCA GGG 
Ser Gly 

CTC ACT 
Leu Thr 



CTG 
Leu 

ATC 



ATA CAG CGC 

He Gin Arg 

CCG TTG TTT 

prn T.pn Phe 



AGC ATC 
Ser He 

CTT CCA 
T.p" Pro 



ACG TGG TAC 
Thr Trp Tyr 

CTG GGG GTC 
Ti"" ^^J- 



AAC CAC 
Asn His 

ACC ATC 

Thr lie 



TGC CTG 
Cys Leu 



TTC TGT TAC 
phP Cys Tvr 



TTC AGC 
phe Ser 



ATT ACC 



AAG ATT 
Lys.; He 



AAG 
Lys 



AAG ATA TGG 
Lys He Trp 



TGG GAC 
Trp Asp 



CAG ATT CCC 
Gin He Pro 



ACC CCA 
Thr Pro 



-31 
-II 

15 
5 

60 
20 

105 
35 

150 
50 

195 

65 

240 
80 

285 
95 

330 
110 

375 
125 

420 
140 

465 
155 

510 
170 

555 
185 

■ 600 
200 

645 
215 

690 
230 

735 
245 
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GCA CGC AGT CCC TTG 
Ala Arg Ser Pro Leu 

CCC CTC TGG GAT AAG 
Pro Leu Trp Asp Lys 

CCG CAC TGG AAA ACT 
Pro His Trp Lys Thr 

AAG CAC AGA GTA AAG 
Lys His Arg Val Lys 

ACC AAG TCT CTC CAG 
Thr Lys Ser Leu Gin 

GAG GTC AGC AGG ACC 
Glu Val Ser Arg Thr 

GTG GTG CGC TGT ATG 
Val Val Arg Cys Met 

GAG GAG GAA GAA GAT 
Glu Glu Glu Glu Asp 

CCT GAG AAC AGC GGA 
Pro Glu Asn Ser Gly 

ATC ATG GCT CGG CTC 
lie Met Ala Arg Leu 

GCT GAG AAT GGG GGC 
Ala Glu Asn Gly Gly 

TCC CCT CTG CCT TCA 
Ser Pro Leu Pro Ser 

TGC CTC CCC ATG GGG 
Cys Leu Pro Met Gly 

GAG CAG CCT TCA CAC 
Glu. Gin Pro Ser His 

AGT GCA CCT ACT CTG 
Ser Ala Pro Thr Leu 

GAC AAT CCT GCC TAC 
Asp Asn Pro Ala Tyr 

CCA AAT CCT GGA GAG 
Pro Asn Pro Gly Glu 

CTG GAA GAA GAG GAG 
Leu Glu Glu Glu Glu 



GTG GCC ATC ATC ATT CAG 
Val Ala He He He Gin 

CAG ACC CGA AGC CAG GAG 
Gin Thr Arg Ser Gin Glu 

TGT CTA GAC AAG CTG CTG 
Cys Leu Asp Lys Leu Leu 

AAG AAG ACA GAC TTC CCG 
Lys Lys Thr Asp Phe Pro 

AGT CCT GGA AAG GCA GGC 
Ser Pro Gly Lys Ala- Gly 

GTC CTC TGG CCA GAG AAT 
Val Leu Trp Pro Glu Asn 

GAG CTG TTT GAG GCC CCA 
Glu Leu Phe Glu Ala Pro 

GAG ATA GTC AAA GAG GAC 
Glu He Val Lys Glu Asp 

GGC TGC GGC TTC CAG GAG 
Gly Cys Gly Piie Gin Glu 

ACT GAG AAC CTG TTT TCC 
Thr Glu Asn Leu Phe Ser 

CTT GGC CAG TCA GCC TTG 
Leu Gly Gin Ser Ala Leu 

GGA AGT GGG CAG GCT TCT 
Gly Ser Gly Gin Ala Ser 

CCC AGT GAG GAG GCC ACA 
Pro Ser Glu Glu Ala Thr 

CCA GGC CCT CTT TCA GGC 
Pro Gly Pro Leu Ser Gly 

GCT TGC ACG CAG GTC CCA 
Ala Cys Thr Gin Val Pro 

CGG AGT TTT AGT GAC TGC 
Arg Ser Phe Ser Asp Cys 

CTG GCT CCA GAG CAG CAG 
Leu Ala Pro Glu Gin Gin 

CCT CCA AGC CCG GCT GAC 
Pro Pro Ser Pro Ala Asp 



GAT GCA CAG GTG 780 

Asp Ala Gin Val 260 

TCA ACC AAG TAC 825 

Ser Thr Lys Tyr 275 

CCT TGC TTG CTG 870 

Pro Cys Leu Leu 290 

AAG GCT GCC CCA 915 

Lys Ala Ala Pro 305 

TGG TGT CCC ATG 960 

Trp Cys Pro Met 320 

GTT AGT GTC AGT 1005 

Val Ser Val Ser 335 

GTA CAG AAT GTG 1050 

val Gin Asn Val. 350 

CTG AGC ATG TCA 1095 

Leu Ser Met Ser 365 

aGC CAG GCA GAC 114 0 

Ser Gin Ala Asp 380 

GAC TTG TTG GAG 118 5 

Asp Leu Leu Glu 395 

GCA GAG TCA TGC 1230 

Ala Glu Ser Cys 410 

GTA TCC TGG GCC 127 5 

Val Ser Trp Ala 425 

TGC CAG GTC ACA 1320 

Cys Gin Val Thr 440 

AGC CCA GCC CAG 13 65 

Ser Pro Ala Gin 455 

CTT GTC CTT GCA 1410 

Leu Val Leu Ala • 4 70 

TGT AGC CCG GCC 14 55 

Cys Ser Pro Ala 485 

CAG GCT GAT CAT 1500 
Gin Ala Asp His 500 

CCC CAT TCT TCA 1545 
Pro His Ser Ser 515 
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GGG CCA CCA ATG CAG CCA 
Gly Pro Pro Met Gin Pro 

ATG AGT GTC CTG CAG CAT 
Met Ser Val Leu Gin His 

CCT GCC GGT GGC TAG CAG 
Pro Ala Gly Gly Tyr Gin 

GCC GCC CAG GAT CCT GGG 
Ala Ala Gin Asp Pre Gly 

CCC GGT TAC AAG GCC TTC 
Pro Gly Tyr Lys Ala Phe 

CGC GGG GAC ACA GCA GCA 
Arg Gly Asp Thr Ala Ala 

TAC AAG CCC TTC CAG AAT 
Tyr Lys Pro Phe Gin Asn 

GTG CCC TTA TTT ACT TTC 
Val Pro Leu Phe Thr Phe 

CCT CTG AAC TCA GAC CCA 
Pro Leu Asn Ser Asp Pro 

CTG GAG CTG GGG CTC AAA 
Leu Glu Leu Gly Leu Lys 

CCT GCA GAT GAG GTG CCC 
Pro Ala Asp Glu Val Pro 

GGT ATT GTG TAC TCG TCC 
Gly lie Val Tyr Ser Ser 

AAG CAA CAC CAC AGC CAG 
Lys Gin His His Ser Gin 

GCT AGC CCT GGC TGT GGC 
Ala Ser Pro Gly Cys Gly 

CTG GGG AGC CTC TCG GGG 
Leu Gly Ser Leu Ser Gly 

CCA CCA GAA GCC AAC CTC 
Pro Pro Glu Ala Asn Leu 

TTG TCA GGG GAG GGC AAG 
Leu Ser Gly Glu Gly Lys 

CAG ACG ACC GAG GTG CCT 
Gin Thr Thr Glu Val Pro 



fTrtTTPK 2C 

GTG GAG AGC TGG GAG 
Val Glu Ser Trp Glu 

GGG GCA GCT GCT GGC 
Gly Ala Ala Ala Gly 

GAG TTT GTG CAG GCA 
Glu Phe Val Gin Ala 

GTG CCT GGT GTC AGG 
Val Pro Gly Val Arg 

TCG AGC CTG CTC AGC 
Ser Ser Leu Leu Ser 

GCG GGG ACT GAC GAT 
Ala Gly Thr Asp Asp 

CCT GTT CCT AAC CAG 
Pro Val Pro Asn Gin 

GGA CTA GAC ACG GAG 
Gly Leu Asp Thr Glu 

CCC AAA AGC CCC CCA 
Pro Lys Ser Pro Pro 

GGA GGT GAC TGG GTG 
Gly Gly Asp Trp Val 

AAG CCC TTT GGG GAT 
Lys Pro Phe Gly Asp 

CTC ACT TGC CAC TTG 
Leu Thr Cys His Leu 

GAG GAA GGT GGC CAG 
Glu Glu Gly Gly Gin 

TGC TGC TAC GAT GAC 
Cys Cys Tyr Asp Asp 

GCC TTG GAA AGC TGT 
Ala Leu Glu Ser Cys 

ATG TCA GCA CCC AAG 
Ket Ser Ala Pro Lys 

GGC CCT GGT CAC TCT 
Gly Pro Gly His Ser 

GTG GGC GCC CTG GGC 
Val Gly Ala Leu Gly 



CAG ATC CTT CAC 15 90 
Gin lie Leu His 530 

TCC ACC CCA GCC 1635 
Ser Thr Pro Ala 545 

GTG AAG CAG GGT 1680 
Val Lys Gin Gly 560 

CCT TCT GGA GAC 17 25 
Pro Ser Gly Asp 575 

AGC AAT GGC ATC 17 70 
Ser Asn Gly lie 590 

GGG CAT GGA GGC 1815 
Gly His Gly Gly 605 

TCC CCT AGC TCC 1860 
Ser Pro Ser Ser 620 

CTG TCA CCC AGT 1905 
Leu Ser Pro Ser 635 

GAA TGC CTT GGT 1950 
Glu Cys Leu Gly 650 

AAG GCC CCT CCT 1995 
Lys Ala Pro Pro 665 

GAC CTG GGC TTT 2040 
Asp Leu Gly Phe 680 

TGT GGC CAC CTG 208 5 
Cys Gly His Leu 695 

AGC CCC ATC GTT 2130 
Ser Pro He Val 710 

AGA TCA CCA TCC 217 5 
Arg Ser Pro Ser 725 

CCT GAG GGA ATA 2220 
Pro Glu Gly He ■ 740 

ACA CCC TCA AAC 22 65 
Thr Pro Ser Asn 755 

CCT GTT CCC AGC 2310 
Pro Val Pro Ser 770 

ATT GCT GTT TCT 2355 
lie Ala Val Ser 785 
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Fig. 3 
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ATG GGG TGG CTT TGC TCT GGG CTC CTG TTC OCT GTG AGC TGC CTG -31 

Met Gly Trp Leu Cys Ser Gly Leu Leu Phe Pro Val Ser Cys Leu -11 

GTC CTG CTG CAG GTG GCA AGC TCT GGG AAC ATG AAG GTC TTG CAG 15 

Val Leu Leu Gin Val Ala .Ser Ser Gly Asn HsL. Lys Val Leu Gin 5 

GAG CCC ACC TGC GTC TCC GAC TAG ATG AGC ATC TCT ACT TGC GAG 60 

Glu Pro Thr Cys Val Ser Asp Tyr Met Ser lie Ser Thr Cys Glu 20 

TGG AAG ATG AAT GGT CCC ACC AAT TGC AGC ACC GAG CTC CGC CTG 105 

Trp Lys Met Asn Gly Pro Thr Asn Cys Ser Thr Glu Leu Arg Leu 35 

TTG TAC CAG CTG GTT TTT CTG CTC TCC GAA GCC CAC ACG TGT ATC 150 

Leu Tyr Gin Leu Val Phe Leu Leu Ser Glu. Ala His Thr Cys He 50 

CCT GAG AAC AAC GGA GGC GCG GGG TGC GTG TGC CAC CTG CTC ATG 195 

Pro Glu Asn Asn Gly Gly Ala Gly Cys Val Cys His Leu Leu Met 65 

GAT GAC GTG GTC AGT GCG GAT AAC TAT AC A CTG GAC CTG TGG GCT 24 0 

Asp Asp Val Val Ser Ala Asp Asn Tyr Thr Leu Asp Leu Trp Ala 80 

GGG CAG CAG CTG CTG TGG AAG GGC TCC TTC AAG CCC AGC GAG CAT 285 

Gly Gin Gin Leu Leu Trp Lys Gly Ser Phe Lys Pro Ser Glu His 95 

GTG AAA CCC AGG GCC CCA GGA AAC CTG AC A GTT CAC ACC AAT GTC 330 

Val Lys Pro Arg Ala Pro Gly Asn Leu Thr Val His Thr Asn Val 110 

TCC GAC ACT CTG CTG CTG ACC TGG AGC AAC CCG TAT CCC CCT GAC 37 5 

Ser Asp Thr Leu Leu Leu Thr Trp Ser Asn Pro Tyr Pro Pro Asp 125 

AAT TAC CTG TAT AAT CAT CTC ACC TAT GCA GTC AAC ATT TGG AGT 420 

Asn Tyr Leu Tyr Asn His Leu Thr Tyr Ala Val Asn He Trp Ser 140 

GAA AAC GAC CCG GCA GAT TTC AGA ATC TAT AAC GTG ACC TAC CTA 4 65 

Glu Asn Asp Pro Ala Asp Phe Arg He Tyr Asn Val Thr Tyr Leu 155 

GAA CCC TCC CTC CGC ATC GCA GCC AGC ACC CTG AAG TCT GGG ATT 510 

Glu Pro Ser Leu Arg He Ala Ala Ser Thr Leu Ly.s Ser Gly He 170 

TCC TAC AGG GCA CGG GTG AGG GCC TGG GCT CAG TGC TAT AAC ACC 555 

Ser Tyr Arg Ala Arg Val Arg Ala Trp Ala Gin Cys Tyr Asn Thr 185 

ACC TGG AGT GAG TGG AGC CCC AGC ACC AAG TGG CAC AAC TCC TAC 600 

Thr Trp Ser Glu Trp Ser Pro Ser Thr Lys Trp His Asn Ser Tyr 200 

AGG GAG CCC TTC GAG CAG CAC CTC CTG CTG GGC GTC AGC GTT TCC 64 5 

Arg Glu Pro Phe Glu Gin His T T.Pn L.^ii Giv Val . Sfir Va l Ser 215 

TGC ATT GTC ATC CTG GCC GTC TGC CTG TTG TGC TAT GTC AGC ATC 690 

Cy.q Tie val T.Pn ^r^^ rv<^ T.pu T.eu Cvs Tvr Val SftC He 230 

ACC AAG ATT AAG AAA GAA TGG TGG GAT CAG ATT CCC AAC CCA GCC 735 

■ Thr Lys lie Lys Lys Glu Trp Trp Asp Gin He Pro Asn Pro Ala 245 
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FTCTIRE 4B 



CGC 
Arg 


AGC 
Ser 


CGC 
Arg 


CTC 
Leu 


GTG 
Val 


GCT 
Ala 


ATA 
He 


ATA 
He 


ATC 
He 


CAG 
Gin 


GAT 
Asp 


GCT 
Ala 


CAG 
Gin 


GGG 

u JLy 


TCA 
r 


780 
5 fin 


CAG 
Gin 


TGG 
Trp 


GAG 
Glu 


AAG 
Lys 


CGG 
Arg 


TCC 
Ser 


CGA 
Arg 


GGC 
Gly 


CAG 
Gin 


GAA 
Glu 


CCA 
Pro 


GCC 
Ala 


AAG 
Lys 


TGC 
Cys 


CCA 

P TO 


825 


CAC 
His 


TGG 
Trp 


AAG 
Lys 


AAT 
Asn 


TGT 
Cys 


CTT 
Leu 


ACC 
Thr 


AAG 
Lys 


CTC 
Leu 


TTG 
Leu 


CCC 
Pro 


TGT 
Cys 


TTT 
Phe 


CTG 
Leu 


GAG 
Glu 


870 

23Q 


CAC 
His 


AAC 
Asn 


ATG 
Met 


AAA 
Lys 


AGG 
Arg 


GAT 
Asp 


GAA 
Glu 


GAT 
Asp 


CCT 
Pro 


CAC 
His 


AAG 
Lys 


GCT 
Ala 


GCC 
Ala 


AAA 
Lys 


GAG 
Glu 


915 

305 


ATG 
Met 


CCT 
Pro 


TTC 
Phe 


CAG 
Gin 


GGC, 
Gly 


TCT 
Ser 


GGA 
Gly 


AAA 
Lys 


TCA 
Ser 


GCA. 
Ala 


TGG 
Trp 


TGC 
Cys 


CCA 
Pro 


GTG 
Val 


GAG 

(>1U 


960 

"J '5n 
O 


ATC 
He 


AGC 
Ser 


AAG 
Lys 


ACA 
Thr 


GTC 
Val 


CTC 
Leu 


TGG 
Trp 


CCA 
Pro 


GAG 
Glu 


AGC 
Ser 


ATC 
He 


AGC 
Ser 


GTG 
Val 


GTG 
Val 


CGA 
Arg 


1005 
335 


TGT 
Cys 


GTG 
Val 


GAG 
Glu 


TTG 
Leu 


TTT 
Phe 


GAG 
Glu 


GCC 
Ala 


CCG 
Pro 


GTG 
Val 


GAG 
Glu 


TGT 
Cys 


GAG 
Glu 


GAG 
Glu 


GAG 
Glu 


GAG 
Glu 


1050 


GAG 
Glu 


GTA 
Val 


GAG 
Glu 


GAA 
Glu 


GAA 
Glu 


AAA 
Lys 


GGG 
Gly 


AGC 
Ser 


TTC 
Phe 


TGT 
Cys 


GCA 
Ala 


TCG 
Ser 


CCT 
Pro 


GAG 
Glu 


AGC 
Ser 


1095 

0 c c 

3 65 


AGC 
Ser 


AGG 
Arg 


GAT 
Asp 


GAC 
Asp 


TTC 

Phe 


CAG 
Gin 


GAG 
Glu 


GGA 
Gly 


AGG 
Arg 


GAG 
Glu 


GGC 
Gly 


ATT 

lie 


GTG 
va J. 


GCC 
AJ.a 


CGG 
Arg 


1140 

T D n 


CTA 
Leu 


ACA 
Thr 


GAG 
Glu 


AGC 
Ser 


CTG 
Leu 


TTC 
Phe 


CTG 
Leu 


GAC 
Asp 


CTG 
Leu 


CTC 
Leu 


GGA 
Gly 


GAG 
Glu 


GAG 
Glu 


AAT 
Asn 


GGG 
Gly 


1185 

T O Q 

J y J 


GGC 
Gly 


TTT 
Phe 


TGC 
Cys 


CAG 
Gin 


CAG 
Gin 


GAC 
Asp 


ATG 
Met 


GGG 
Gly 


GAG 
Glu 


TCA 
Ser 


TGC 
Cys 


CTT 
Leu 


CTT 

Leu 


CCA 
Pro 


CCT 
P ro 


1230 

H X\J 


TCG 
Ser 


GGA 
Gly 


AGT 
Ser 


ACG 
Thr 


AGT 
Ser 


GCT 
Ala 


CAC 
His 


ATG 
Met 


CCC 
Pro 


TGG 
Trp 


GAT 
Asp 


GAG 

VjXu 


TTC 

r ne 


CCA 
P ro 


AGT 


1275 

H i J 


GCA 
Ala 


GGG 
Gly 


CCC 
Pro 


AAG 
Lys 


GAG 
Glu 


GCA 
Ala 


CCT 
Pro 


CCC 
Pro 


TGG 
Trp 


GGC 
Gly 


AAG 
Lys 


GAG 
^ 1 11 

oi.U 


CAG 


CCT 

O V n 


CTC 
Lgu 


1320 


CAC 
His 


CTG 
Leu 


GAG 
Glu 


CCA 
Pro 


AGT 
Ser 


CCT 
Pro 


CCT 
Pro 


GCC 
Ala 


AGC 
Ser 


CCG 
Pro 


ACC 
Thr 


CAG 
Gin 


AGT 
Ser 


CCA 
Pro 


GAC 
Asp 


1365 
455 


AAC 
Asn 


CTG 
Leu 


ACT 
Thr 


TGC 
Cys 


ACA 
Thr 


GAG 
Glu 


ACG 
Thr 


CCC 
Pro 


CTC 
Leu 


GTC 
Val 


ATC 
He 


GCA 
Ala 


GGC 
Gly 


AAC 
Asn 


CCT 
Pro 


1410 
470 


GCT 
Ala 


TAC 
Tyr 


CGC 
Arg 


AGC 
Ser 


TTC 
Phe 


AGC 
Ser 


AAC 
Asn 


TCC 
Ser 


CTG 
Leu 


AGC 
Ser 


CAG 
Gin 


TCA 
Ser 


CCG 
Pro 


TGT 
Cys 


CCC 
Pro 


1455 
485 


AGA 
Arg 


GAG 
Glu 


CTG 
Leu 


GGT 
Gly 


CCA 
Pro 


GAC 
Asp 


CCA 
Pro 


CTG 
Leu 


CTG 
Leu 


GCC 
Ala 


AGA 
Arg 


CAC 
His 


CTG 
Leu 


GAG 
Glu 


GAA 
Glu 


1500 
500 


GTA 
Val, 


GAA 
Glu 


CCC 
Pro 


GAG 
Glu 


ATG 
Met 


CCC 
Pro 


TGT 
Cys 


GTC 
Val 


CCC 
Pro 


CAG 
Gin 


CTC 
Leu 


TCT 
Ser 


GAG 
Glu 


CCA 
Pro 


ACC 
Thr 


1545 
515 
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ACT GTG CCC CAA CCT 
Thr Val Pro Gin Pro 

CGA AAT GTC CTC CAG 
Arg Asn Val Leu Gin 

CCC ACC AGT GGC TAT 
Pro Thr Ser Gly Tyr 

GGC ACC CAG GCC AGT 
Gly Thr Gin Ala Ser 

GCT GGT TAC AAG GCC 
Ala Gly Tyr Lys Ala 

TCC CCA GAG AAA TGT 
Ser Pro Glu Lys Cys 

TAT AAG CCT TTC CAA 
Tyr Lys Pro Phe Gin 

GCC CCA GTC CCT GTC 
Ala Pro Val Pro Val 

CCA CCT CGC AGT CCG 
Pro Pro Arg Ser Pro 

GAG CAC CTG GGT CTG 
Glu His Leu Gly Leu 

AAG CCC CCA CTT CCC 
Lys Pro Pro Leu Pro 

AGC CTG GGC AGT GGC 
Ser Leu Gly Ser Gly 

TGC GGC CAC CTG AAA 
Cys Gly His Leu Lys 

ACC CCT GTC ATG GCC 
Thr Pro Val Met Ala 

AGG TCC TCG CCC CCT 
Arg Ser Ser Pro Pro 

CCA GGT GGG GTT CCA 
Pro Gly Gly Val Pro 

GCA CCC TCG GGC ATC 
Ala Pro Ser Gly lie 

CAT CCT GCC CCT GGC 
His Pro Ala Pro Gly 

ATC G?G AAC "TTT GTC 
lie Vcl Asn Phe Val 



FIGURE i£ 



GAG CCA GAA ACC TGG GAG 
Glu Pro Glu Thr Trp Glu 

CAT GGG GCA GCT GCA GCC 
His Gly Ala Ala Ala Ala 

CAG GAG TTT GTA CAT GCG 
Gin Glu Phe Val His Ala 

GCG GTG GTG GGC TTG GGT 
Ala Val Val Gly Leu Gly 

TTC TCA AGC CTG CTT GCC 
Phe Ser Ser Leu Leu Ala 

GGG TTT GGG GCT AGC AGT 
Gly Phe Gly Ala Ser Ser 

GAC CTC ATT CCT GGC TGC 
Asp Leu lie Pro Gly Cys 

CCC TTG TTC ACC TTT GGA 
Pro Leu Phe Thr Phe Gly 

CAG AGC TCA CAT CTC CCA 
Gin Ser Ser His Leu Pro 

GAG CCG" GGG GAA AAG GTA 
Glu Pro Gly Glu Lys Val 

CAG GAG CAG GCC AC A GAC 
Gin Glu Gin Ala Thr Asp 

ATT GTC TAC TCA GCC CTT 
He Val Tyr Ser Ala Leu 

CAG TGT CAT GGC CAG GAG 
Gin Cys His Gly Gin Glu 

AGT CCT TGC TGT GGC TGC 
Ser Pro Cys Cys Gly Cys 

ACA ACC CCC CTG AGG GCC 
Thr Thr Pro Leu Arg Ala 

CTG GAG GCC AGT CTG TGT 
Leu Glu Ala Ser Leu Cys 

TCA GAG AAG AGT AAA TCC 
Ser Glu Lys Ser Lys Ser 

AAT GCT CAG AGC TCA AGC 
Asn Ala Gin Ser Ser Ser 

TCC GTG GGA CCC ACA TAC 
Ser Val Gly Pro Thr Tyr 



CAG ATC CTC CGC 15 90 
Gin He Leu Arg 530 

CCC GTC TCG GCC 1635 
Pro Val Ser Ala 545 

GTG GAG CAG GGT 16 BO 
Val Glu Gin Gly 560 

CCC CCA GGA GAG 1725 
Pro Pro Gly Glu 575 

AGC AGT GCT GTG 17 70 
Ser Ser Ala Val 590 

GGG GAA GAG GGG 1815 
Gly Glu Glu Gly 605 

CCT GGG GAC CCT 18 60 
Pro Gly Asp Pro 620 

CTG GAC AGG GAG 1905 
Leu Asp Arg Glu 635 

AGC AGC TCC CCA 1950 
Ser Ser Ser Pro 650 

GAG GAC ATG CCA 1995 
Glu Asp Met Pro 665 

CCC CTT GTG GAC 204.0 
Pro Leu vai Asp 680 

ACC TGC CAC CTG 2085 
Thr Cys His Leu 695 

GAT GGT GGC CAG 2130 
Asp Gly Gly Gin 710 

TGC TGT GGA GAC 2175 
Cys Cys Gly Asp 725 

CCA GAC CCC TCT 2220 
Pro Asp Pro Ser .740 

CCG GCC TCC CTG 22 65 
Pro Ala Ser Leu 755 

TCA TCA TCC TTC 2310 
Ser Ser Ser Phe 770 

CAG ACC CCC AAA 23 5 5 
Gin Thr Pro Lys 785 

ATG AGG GTC TCT 24 00 
Met Arg Val Ser 800 
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FTfiTTRE 5h 



1 MGWLCSGLLFPVSCLVLLQVASSGNMKVLQEPTCVSDYMSISTCEWKMNG 50 

III! I I I! 11 I II I M I I I I I I I 11 i M 
1 MGRLCTKFLTSVGCLILLLVTGSGSIKVLGEPTCFSDYIRTSTCEWFLDS 50 

51 PTNCSTELRLLYQLVFL.LSEAHTCIPENNGGAGCVCHLLMDDWSADNY 99 

II I I I I I II I I 11 I I I I I I 1 II 

51 AVDCSSQLCLHYRLMFFEFSENLTCIPRNSASTVCVCHMEMNRPVQSDRY 100 

. . • • • 

100 TLDLWAGQQLLWKGSFKPSEHVKPRAPGNLTVHTNVSDTLLLTWSNPYPP 14 9 

III I I I I I II I I I I I I I I I I I I I I I I I I I I I 

101 QMELWAEHRQLWQGSFSPSGNVKPLAPDNLTLHTNVSDEWLLTWNNLYPS 150 

150 DNYLYNHLTYAVNIWSENDPADFRIYNVTYLEPSLRIAASTLKSGISYRA 199 

III I III I III I I I I I I I I III II 

151 NNLLYKDLISMVNISREDNPAEFIVYNVTYKEPRLSFPINILMSGVYYTA 200 

200 RVRAWAQCYNTTWSEWSPSTKWHNSYREPFEQHLLLGVSVSCIVILAVCL 24 9 

ill I I M 1 I I I I II I I I I I I II I II 

201 RVRVRSQILTGTWSEWSPSITWYNHFQLPLIQRLPLGVTISCLCIPLFGL 250 

250 LCYVSITKIKKEWWDQIPNPARSRLVAIIIQDAQGSQWEKRSRGQEPAKC 299 

I I I I I I I I 1 I I I I I I I I I I 1 I I I I I I I I I II III I 
2 51 FCYFSITKIKKIWWDQIPTPARSPLVAIIIQDAQVPLWDKQTRSQESTKY 300 

, . • • • 

300 PHWKNCLTKLLPCFLEHNMKRDEDPHKAAKEMPFQGSGKSAWCPVEISKT 34 9 

I I I I I I I I I I I I I I I III I II I 11 I I I 

301 PHWKTCLDKLLPCLLKHRVKKKTDFPKAAPTKSLQSPGKAGWCPMEVSRT 350 

350 VLWPE. .SISWRCVELFEAPVECEEEEEVEEEKGSFCASPESSRD .DFQ 396 

1 1 1 1 1 I M 1 1 1 i 1 1 1 n I I I I I I I I I I I II 

351 VLWPENVSVSWRCMELFEAPVQNVEEEEDEIVKEDLSMSPENSGGCGFQ 400 

397 EGREGIVARLTESLFLDLLGEENGGFCQQDMGESCLLPPSGSTSAHMPWD 446 

I I I I I M I i I I I Mil I 1 I I MM I I 

401 ESQADIMARLTENLFSDLLEAENGGLGQSALAESCSPLPSGSGQASVSWA 4 50 

. • • • 

44T EFPSAGPKEAPPWGKEQPLHLEPSPPASPTQSPDNLTCTETPLVIAGNPA 496 

I II I II I I I I I I III I I I 1 I I i 

4 51 CLPMGPSEEATCQVTEQPSHPGP.LSGSPAQSAPTLACTQVPLVLADNPA 4 99 

4 97 YRSFSNSLSQSPCPRELGPDPLLARHLEEVEPEMPCVPQLSEPTTVPQPE 54 6 

II I 11 I I I 11 I I I I I I I I I I II I 

500 YRSFSDCCSPAPNPGELAPEQQQADHLEEEEPPSPADPHSSGP. . .PMQP 54 6 

• • • * * 

547 PETWEQILRRNVLQHGAAAAPVSAPTSGYQEFVHAVEQGGTQASAWGLG 596 

I mil llllllll II llllll II II I II 

547 VESWEQILHMSVLQHGAAAGSTPAPAGGYQEFVQAVKQGAAQDPGVPGVR 596 

597 PPGEAGYKAFSSLLASSAVSPEKCGFGASSGEEGYKPFQDLIPGCPGDPA 64 6 

II I I I II I I I I I I I MUM I 
597 PSGDPGYKAFSSLLSSNGIRGDTAAAGTDDGHGGYKPFQNPVP NQS 642 



54 
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FIcnRE SB 



647 PVPVPLFTFGLDREPPRSPQSSHLPSSSPEHLGLEPGEKVEDMPKPPLPQ 696 

I I I I I I I I I I I II I . I I II I I II I I i III 
643 PSSVPLFTFGLDTELSPSPLNSDPPKSPPECLGLELGLKGGDWVKAPPPA 6 92 

697 EQATDPLVDSLGSGIVYSALTCHLCGHLKQCHGQEDGGQTPVMASPCCGC 74 6 

t I I I I I I I II II I I I I M I I I I i I I 11 I I II I II 
693 DQVPKPFGDDLGFGIVYSSLTCHLCGHLKQHHSQEEGGQSPIVASPGCGC 7 42 

747 CCGDRSSPPTTPLRAPDPSPGGVPLEASLCPASLAPSGISEKSKSSSSFH 7 96 

I I I I I I I I I I I I III I 
743 CYDDRSPSLGSLSGALESCPEGIPPEANLMSAPKTPSNLSGEGK 78 6 

797 PAPGNAQSSSQTPKIVNFVSVGPTYMRVS 825 

II III III 11 

787 .GPGHSPVPSQTTE . . . .VPVGALGIAVS 810 
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